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PREFACE TO THE SERIES 


In the course of nearly every program of research in organic chemistry 
the investigator finds it necessary to use several of the better-known 
synthetic reactions. To discover the optimum conditions for the appli- 
cation of even the most familiar one to a compound not previously 
subjected to the reaction often requires an extensive search of the liter- 
ature; even then a series of experiments may be necessary. When the 
results of the investigation are published, the synthesis, which may 
have required months of work, is usually described without comment. 
The background of knowledge and experience gained in the literature 
search and experimentation is thus lost to those who subsequently have 
occasion to apply tho general method. The student of preparative 
organic chemistry faces similar difficulties. The textbooks and labora- 
tory manuals furnish numerous examples of tho application of various 
syntheses, but only rarely do they convey an accurate conception of 
the scope and usefulness of the processes. 

For many years American organic chemists have discussed these 
problems. The plan of compiling critical discussions of the more im- 
portant reactions thus was evolved. The volumes of Organic Reactions 
arc collections of about ten chapters, each devoted to a single reac- 
tion, or a definite phase of a reaction, of w ide applicability. The authors 
have had experience with the processes surveyed. The subjects are 
presented from the preparative viewpoint, and particular attention is 
given to limitations, interfering influences, effects of structure, and the 
selection of experimental techniques. Each chapter includes several 
detailed procedures illustrating the significant modifications of the 
method. Most of these procedures have been found satisfactory by 
the author or one of the editors, but unlike those in Organic Syntheses 
they have not been subjected to careful testing in two or more labora- 
tories. When all known examples of the reaction are not mentioned in 
the text, tables arc given to list compounds which have been prepared 
by or subjected to the reaction. Every effort has been made to include 
in the tables all such compounds and references; however, because of 
the very nature of the reactions discussed and their frequent use as one 
of the several steps of syntheses in which not all of the intermediates 
have been isolated, some instances may well have been missed. Never- 
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theless, the investigator will be able to use the tables and their accom- 
panying bibliographies in place of most or all of the literature search so 
often required. 

Because of the systematic arrangement of the material in the chapters 
and the entries in the tables, users of the books will be able to find in- 
formation desired by reference to the table of contents of the appropriate 
chapter. In the interest of economy the entries in the indices have been 
kept to a minimum, and, in particular, the compounds listed in the 
tables are not repeated in the indices. 

The success of this publication, which will appear periodically in 
volumes of about ten chapters, depends upon the cooperation of 
organic chemists and their willingness to devote time and effort to the 
preparation of the chapters. They have manifested their interest 
already bv the almost unanimous acceptance of invitations to con- 
tribute to the work. The editors will welcome their continued interest 
and their suggestions for improvements in Organic Reactions. 
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INTRODUCTION 

The reaction of aldehydes or ketones with an ester of succinic arid 
to form alkvlidcnesuccinie acids (substituted itaeonic acids), or isomers 
formed by a tautomeric shift of hydrogen, i.» known as the rilobhe 
condensation. 1 One mole of a metal nlkoxide is required per mole of 
carbonyl compound and ester, and the primary product is the salt of 
the half-ester, i.c., 


C0 : C ; 1U 

1 

R,c=0 + CHsCHjCOjC.lU + NaOir -> 


COiC-Ht 

I 

R s O=CCII,CO.Ntt -r C-IUOIl -f It'OH 

GENERAL CHARACTER AND MECHANISM 

In 1893 Hans Stobbe 1 demonstrated that when a mixture of acetone 
and diethyl succinate was treated with sodium ethoxidc the expected 
acetoacetic ester type of condensation to give a 2-diketo compound, 
CH3COCH2COCH2CH2CO2C2H5 or CIIaCOCIIoCOClKCHoCOCH-^ 
COCH 3 , did not take place; but that the main reaction product was 

1 Stobbe, Ber., 26, 2312 (IS93). A review article dealing. in part, with the Stobbe 
condensation ha.5 been published by Mile. D. Billet. Bull. toe. Mm. France [51 16 D°97- 
321 (1949). ’ ’ 
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teraconic acid, (CH3)2O=C(CO2H)CH2C02H, formed by an aJdo) type 
of condensation between the carbonyl group of the ketone and an 
a-mcthylene group of the ester. This reaction was indeed surprising 
in view of the numerous precedents from the work of Claisen for the 
former type of behavior. Stobbe and his collaborators, therefore, under- 
took an extensive study which revealed that both aldehydes and ketones 
generally condense with succinic esters in this special manner, the 
stoichiomctiy of the reaction being expressed by the equation above. 
Tiic liberation of the acidic material from the salt fraction affords the 
alkylidenesuccinic acid, or a tautomer, in the form of either the half- 
ester or the dibasic acid produced by hydrolysis. 

(H) 

COjCjH* COjCjHi 

I I 

R,C=CCHiCO,Na -+ HCI -» R s C=CCH s COjH + NaCI 

It is striking that this facile aldol type of condensation of esters with 
ketones is limited to succinic and substituted succinic esters, with few 
exceptions. Benzophenonc condenses with diethyl succinate to give pure 
P-carbethoxy-y.y-diphenylvinylacetic acid, (C 6 H 5 ) 2 C=C(C 02 C 2 H 5 )- 
CH 2 CO a H, in 90% yield; 1 under the same conditions this ketone, in 
contrast, fails altogether to react with ethyl or t- butyl acetate.* The 
success of the Stobbe condensation is not attributable solely to a high 
reactivity of the ft-methjdene groups of succinic esters, os shown by the 
failure of diethyl malonate, which has a more reactive a-methylene 
group, to condense to any appreciable extent with benzophenone. 3 The 
specificity of succinic esters in this reaction may be associated with the 
juxtaposition of a carbethoxyl group for ring formation as indicated in 
reaction sequence 1, below. The postulation of an intermediary para- 
conic ester (I) 1 * 4 is reasonable in view of the fact that such substances 
are isolable, 1 particularly when shorter reaction periods are employed, 4 
and that they are cleaved by alkoxides in excellent yield to salts of the 
unsaturated half-esters. 7 This cleavage may be represented by reaction 
sequence 2. The combined steps 1 and 2 thus constitute a satisfactory 

* Johnson, Petersen, and Schneider, J. Am. Chem. Soc.. 69, 74 (1947). 

• Johnson, McCloskey, and Duniugan, J. Am Chem. Soc.. 72, 524 (1850). 

•Stobbe, Ann , 282, 2S0 (1894). 

* Robinson and Seijo, J. Chem, Soc , 1941, 582. 

• Stobbe, Vieweg. Eckert, and Iteddelien, Ann., 330, 78 (1911). 

7 Roser, Ann,, 220, 25S USS3); Fittig, Ann., 256, 50 (1890); Fittig, Be r.. 27. 2GS1 
(ISM). 
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rationalization of the course of the Stobbe condensation, the irreversi- 
bility of the second step driving the reaction to completion. 

C0 2 C 2 H 5 co 2 c 2 h 5 

(1) (C 2 H 5 ),C + (-)CHCH 2 C0 2 C 2 H 5 (C £ H^ 2 CCHCH 2 COC 2 H i 

l VO 

JJ-j 

if 

co 2 c 2 h, co 2 c,h 5 

C 2 H 5 O h + (C c H^) 2 CCHCH,C. ? (C t Hr) 2 CCHCH 2 COC 2 H 5 

i !o i Jo H 

I 


C0 2 C 2 H s C0 2 C 2 H s co 2 c 2 h s 

I “0C,Hr I I 

(2) (CeHjbCCHCHXO =?=^(C 5 H ; ) 2 C T CCH 2 CO ^CC 5 H,) 2 C=CCH 2 CO 

A 1 4^—1 ho 1 

I 

The more obvious mechanism, in which the ketone first condenses 
with the succinate eliminating water which then reacts with the alkoxide 
to form hydroxide ion which in turn effects partial saponification of the 
di-ester, is not tenable in view of: (a) the failure to isolate the postulated 
intermediary di-ester, even when a large excess of diethyl succinate was 
employed in the condensation, thus affording a highly competitive 
source of ester groups to react with the limited amount of hydroxide 
ion; 8 (b) the failure of other esters with comparably reactive methylene 
groups to condense readily (see above) ; (c) the failure of the appropriate 
unsaturated di-ester to give a good yield of half-ester on partial saponi- 
fication; 5-12 (d) the fact that isomers of the citraconic and mesaconic 
acid type, which would be expected tautomers of certain alkylidene- 
succinic di-esters, u have never been found as products of the Stobbe 
condensation. 

The importance of an appropriately situated carbalkoxyl group is 
strikingly illustrated by an experiment with an ester (II) of o-benzoyl- 

8 Johnson and Miller, J . Am. Chem. Soc 72, 5X1 (1950). 

5 Stobbe, Ber ., 41, 4350 (1903). 

13 "W. S. Johnson and H- C. E. Johnson, unpublished observation- 

11 Johnson and Goldman, J. Am. Chem. Soc., 65, 1030 (1944). 

12 Johnson and Graber, J. Am. Chem. Soc., 72, 925 (1950). 

u Coulson and Kon, J. Chem. Soc., 1932, 256-8. 
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benzoic acid which condenses readily with f-butyl acetate to give the 
half-ester IV.* Since the condensation fails without the CO2R group 
(i.e., t-butyl acetate does not condense with benzophenone), the partic- 
ipation of an intermediary lactone ester III is suggested. 



in iv 


Diethyl glutarate might be expected to react like its lower homolog 
in a Stobbe type of condensation, since it too should give rise to an aldol 
capable of lactonization. The main difference would be that the glu- 
tnratc would form a 6- rather than a 7-iactonic ring. Surprisingly, 
however, this ester is relatively unreactive in the Stobbe condensation 
(see below, under Related Condensations), which may be partly attrib- 
utable to a lower susceptibility to formation of the $• in comparison 
with the r-lactone ring so that compet ing reactions such as self-condensa- 
tion of the ester take precedence.* 

SCOPE AND LIMITATIONS 

The carbonyl compounds that undergo the Stobbe condensation in- 
clude at least one member, and in some cases many members, of the 
following classes of substances: aliphatic, aromatic, and cr,0-unsaturated 
aldehydes; aliphatic, alicyclic, and aromatic ketones; diketones; keto 
esters; and cyano ketones. The succinic esters that have been employed 
are diethyl, dimethyl, and di-t-butyl succinate, and also o-substituted 
aryl-, aralkyl-, alkyl-, and alkylidene-succinic esters. A variety of 
condensing agents has been used, including sodium ethoxide, potassium 
t-butoxide, and sodium hydride. Sodium methoxide, metallic sodium, 
potassium ethoxide, and sodium triphenylmethyl have also had limited 
application. 

Aldehydes 

Isobutyraldehyde has been employed in the Stobbe condensation with 
diethyl succinate. When sodium metal 11 or sodium ethoxide 11 is used 
as the condensing agent the expected isobutylidenesuccinic acid, 
(CFr3) 2 CHCir=--C(C0 2 II)Cir 2 C0 2 H, is obtained in low yield accora- 

M rittig and Thron, Ann,, 304. 2SS (1899). 

“Stobbe and Leuner, Ber., 3S, 3CS2 (1905). 
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panied by some of the isomeric lactonic acid. With potassium (-butoxide, 
however, the yield of condensation product is 85%. : - Other aldehydes 
which have been condensed by this last method arc decanal (40%), 
dodecanal (5S %), and heptanal (59%)." 

A vide variety of aromatic aldehydes has been used in the fttobbe 
condensation. The products are the expected andmethylcnesuccinic 
acid (V), occasionally the isomeric arylparaconic acid (\ I), the bis* 
(arylmethylene)succinic acid (VII) arising from the condensation of two 
molecules of aldehyde with one of ester, and the corresponding lactonic 
acid M. 

ArCH=CCO ; H 

i 

CH-CO ; H 

V 

ArCH=CCO*H 

y 

! 

ArCH==CCOjH 

VII 

The proportion of mono- to di-substituted products depends to a 
considerable extent upon the conditions of reaction, low temperatures 
favoring the formation of the latter. Benzaldehyde, for example, con- 
denses with diethyl succinate and sodium ethoxide in refluxing ether to 
give mainly the benzylidenesuccinic acid, V (Ar = CcH s ) in .35% 
yield. 1 This product consists of a mixture of the stereoisomers 
C’oHj/COoH tram and Cr.Hs/CChH cit in the ratio 9:1. which is the 
same proportion obtained when the pure It arm form is heated in sodium 
hydroxide solution. The configurations were established by cvclization 
with sulfuric add as described below (p. 16;. When the condensation 
is carried out at — I0 C , the main product (35-40%) is the dibenzylidene- 
succinic acid ATI (Ar = C^Hs), only a small proportion of bsnzyli- 
denesuccinic acid being formed. 17 Even more striking is the behavior 
of piperonal, which condenses with diethyl succinate and sodium 
ethoxide in re Sura ng ethanol to give piperonvlidenesuccinic acid (V, 
Ar = C 0 H 0 OCH 2 O) in 90% yield. 15 In contrast, at low temperatures 

* ! OrsrixTZTT ar.d JWaerts, J. An. CTjm. 71, 2015 (104 3,. 

~ StoVoe and , Ber^ 37, 2240 (1004). 

L ‘ Comfcrth. Et^L«a, zzA Lion *, J. Prtc. B/rj. Bsm.. .V. .5. Y7clri. 72, 225 tt'TZ’h f r t 
33,0510(1933,1. 


ArCH CHCOiH 

i ! 

0 CH, 

\ / 

CO 

VI 

ArCH CHCOril 


O C=CHAr 

\ / 

CO 

VIII 
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(—IS to 0 °) in ether solution, dipiperonylidenesucclnie acid (VII, 
Ar = C6II3OCH2O ) is formed in 36 % yield. 19 The lactone acid VIII 


(Ar — O6H3OCH2O ) could be produced in yields as high as 30 % by use 


of short reaction periods and low temperatures ,* and it has been dearly 
demonstrated that the proportion of dibasic acid VU to lactone acid 
VIII is greater with longer reaction periods. 

The behavior described above suggests that the condensation of a 
second molecule of aldehyde occurs with an intermediary paraconic 
ester IX, which would have a longer existence at lower temperatures 
(higher temperatures promoting conversion to the half-ester salt which 
would not be expected to condense further because of the less reactive 
methylene group). It is possible that a dilactone like X has a transient 
existence in this scheme. 


ArCH CHCO,C,H» 


CO 

IX 


CO 

/ \ 

ArCH CII 0 

I 1 I 

0 CH CIIAr 

\ / 

CO 


The bis(arylmethylene)succinic acids (VII), called "fulgenic” acids, 
arc also prepared by the Stobbe condensation with the diester of an 
alkylidenosuccinic acid (sec p. I“). The anhydrides of these acids are 
called “fulgides” and arc of interest because of their intense color. 


Ketones 

The Stobbe condensation of a ketone It COR’ with diethyl succinate 
may give rise to one or more isomeric half-esters, depending largely on 
the nature of R and R'. 

Symmetrical ketones having no a-hydrogen atoms can give only one 
product, the alkylidenosuccinic acid ester XI (R ~ This class is 
exemplified by the diaryl ketones like benzophenone which generally 
give excellent yields of homogeneous products. 

Unsymmetrical ketones having no a-hydrogen atoms generally give both 
stereoisomeric alkylidenosuccinic acids XI and XII. This class is typi- 
fied by the unsvmmctrical ketones like 2-benzoylfuran which affords two 
crystalline cis and Irons isomeric half-esters XI and XII (R = Cells, 

* II orth and Wood cools, J Chem Soe . MSS, 19S5. 
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R' = 2-furvl). 50 The configuration of these isomers may be established 
by cyclization experiments (see p. 1G). From some ketones, c.g., 
2-benzoylnaphthalene, only one of the two possible alkylidcncsuecinic 
acids is isolated. 11 


(C 2 Hs) 

R COjH 

\ / 
c=c 

/ \ 

R' CH-COjH 

XI 


R CH:CO : H 

\ / 
c=c 


/ 

R' 


\ 

COjH 

(CiIIs) 


xu 


(C*Hs) 

R COjH 

\ i 

CCHCHjCOjH 

S 

R'CH 


XIII 


Symmetrical l:etones having one or more a-hydrogen atoms can give 
only one alkylidenesuccinic acid ester, but the alkenylsuccinic acid ester 
XIII with the double bond fi.y to the carbethoxyl group may also be 
produced, presumably by rearrangement of the bond from the a. 8 
position (3-carbon tautomerism).- Tlius acetone and diethyl succinate 
in a molecular ratio of 2 to 1 condense to give (after saponification) pre- 
dominantly isopropylidenesuccinic acid accompanied by a trace of the 
isopropenyl isomer, (XIII, R = CH3, R' = H). M With a 1:1 ratio of 
ketone to ester, the isopropenyl isomer is the predominant product/ 
In addition the product formed by condensation of two molecules of 
acetone with one of diethyl succinate has been isolated. 53 This type 
of behavior is discussed above under the section on aldehydes. 

(CH:bC=CCO : H 

I 

(CH:).C=CCO,H 


An a-phenyl group in the ketone favors the formation of an alkenyl- 
succinic acid structure XIII (R' = C 6 H 5 ) in which the double bond is 
conjugated with the phenyl group. 54 Dibenzyl ketone, for example, 
gives the alkenylsuccinic acid XHI (R = C 6 H 5 CH 2 , R' = C c H s ) as the 
exclusive product. 55 - 55 Although two geometrical isomers of the alkenyl 
structure are theoretically possible only one has been found. The double 

20 Knott, J. Chem. Soc., 1945, 189. 

11 Hewett, J. Cfiem. So c., 1942, 5S5. 

= Bond rearrangement to the ajz position is also possible; cf. the itaconic-citra conic- 
mesa conic acid tautomerism, Coulson and Kon, J. Chem. Soc 1932, 2508. The presence 
of such isomers, however, has never been demonstrated. 

- Stolle, J . prakl. Chem., (2], 67, 197 (1903). 

24 Cf. the tendency of y substituents, particularly aryl groups, to favor the p,y form in 
simple 5-carbon systems, Linstead, J. Chem. Soc., 1929, 249S. 

3 Stobbe, Ann., 308, 67 (1899). 

3 Stobbe, Itusswurm, and Schulz, Ann., 308, 175 (1S99). 
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ond may be quite mobile, as illustrated by the behavior with cycic- 
exanone. Condensation ivith diethyl succinate and potassium 
utoxidc yields a half-ester which is principally the cyclohexenyl com- 
ound (half-ester corresponding to XIV, .. = 3).= Saponification, 


CIIjCOjH 

CIICOjH 


/ % 

CHj CII 
\ / 
(CII*). 
xiv 


CIIjCOjH 

CCO.II 

II 

c 

/ N 

CII, CH, 
\ / 
(CII,). 


V cr,yi*a^ra.«^i^3,, : nd ttt c. 

d' products isolated does not necessarily f °^* d ° a** j^ng example of 

iroduced in the reaction. Cjmlohcptnnone»ifonba stnh.nsc^ 

his phenomenon, since the half-ester from the f Stobbe condms. 
ippcaur to exist entirely in the cyelohepteny tom, M' » „ 

ho dibasic acid obtained on sapomfica urn: i „ a f oms may give 

Unsymmctrical ketones having one or in ^ stereoisomeric 

rise to as many as tliree condenraton a „d 

ilkyiidenesuceinic acids XI and. > , alkenyl acids, 

(XIII). Them is a possibility 0 the t(OTord R or R . but 

depending on whether the bond o - - forms> pro bably because 

there is no report of the isolation o , , ^ or have geometrical 

the appropriate structures have not been ^ 

isomem of the alkenylsuccinie acids been ^ move9 

served genera.iy in cases of or carries an 

towanl that 7 -carbon which is most S > me thyl ethyl ketone 
aryl group. Thu, the S.obl» condense ,on «th methy _ ^ 
affords in addition to both XI am - substance correspond- 

alkenylsuccinie acid XIII <R - R’ “ 

ing to XIII (R - Cells, R* ” H> ^ on the alkenyl : alkylidene 

The effect ot an « substituent m the k , tion ia demonstrated with 

ratio in the products of the Stobbe co _ R (acetophenone) the 

the ketone type C,H,COCH,R. -"1*0 R " 1 

. chrm ^ soc . 70, 3021 (IMS). 
v Johnson, Davis, Hunt, and Stork, - , rnq (1946). 

■ riattnsr K»W. «*. Chim. 

» Stobbe. Ann . 321, S3 (1902). 

*> Stobbe. Ann., 331, 105 (1902). 
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alkenyl: alkylidene ratio is approximately 1 to 9, 11 hut when R = CH 3 
(propiophenone) this ratio is reversed"'- 51 With desoxy benzoin 
(R = CcH 5 ) — ~ it is expected that the alkenyl form XIII (R — R' 
= C 5 H s ) would be favored, :! and indeed this is the only product 
isolated. 

Although all three isomeric condensation products are undoubtedly 
formed in many Stobbe condensations, their presence has been demon- 
strated infrequently, probably liecause of the experimental difficulties 
involved in separation. This problem is considered below (p. 14). It 
is noteworthy that formation of such a mixture usually does not inter- 
fere with the usefulness of the Stobbe condensation in many types of 
svn thesis which eliminate the isomerism at a subsequent step (see 

p. 21). 

Hindered Ketones. There are surprisingly few reports of failure of 
ketones to react at least to some extent with diethyl succinate in the 
Stobbe condensation. Perhaps this is a result of the lack of any special 
effort to study the limitations. The only comparative data available 
are in the desoxybenzoin series." Desoxvbenzoin (XVI , R = R' = R" 
= R'" = H), itself undergoes satisfactory condensation with diethyl 
succinate and potassium f-butoxide to give, after saponification, exclu- 
sively the alkenylsuccinic acid NYII (R = H). Under similar conditions 
cemethyldesoxybenzoin (XVI, R = CH S , R' = R" = R."' - H) gives 
the acid NYII (R = CH3) in 42% yield, but the second a-m ethyl 
substituent in a.a-dimethyldesoxvbenzoin (NAT, R = R' = CH3, 
R" = R = H) prevents reaction completely. Even a single methyl 
group in the oriho position 01 the benzene nucleus inhibits the condensa- 
tion of the ketone NAT (R = R' = H, R" = R"' = CH 3 ). Similarly 
the ketones NAT (R = R" = CH 3 , R' = R'" = H) and NAT (R = R' 
= R" — CH 3 . R"' = H) sail to react. Thus in a variety of structures 
two a-methyl groups or a single oriho methyl group is s uffi cient to pre- 
vent condensation. 


CrJUCCO 


R R" 

jT\ 


E' E" 
xv 1 


E CIUCO-H 

f i 

C»H e C=CCHCO-H 

! 

C.Rs 

xvn 


~ Stobbe. -in-.., 30S, 114 (1559). 

= Stobbe sni ttt eiszrz, Ann 221, Si (\cffZj. 

- Stobbe and B-tt- r *. srr e. Atr.. 303, 150 (1S95). 

" s=i Ii=si, J. An. Cijsn. Sfsz., 71, 930 (1&4S). 
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a.p-Unsaturated Aldehydes and Ketones 

Cinnamaldehyde behaves normally in the Stobbe condensation noth 
diethyl succinate to give cinnamylidcnesuccmic acid (XV 1 U). 
Distillation of the crude product yields also a hydrocarbon, probably 
1,8-diphenyloctatetraene (XIX), arising from decarboxylation of di- 
cinnamylidenesuccinic acid (XX). 

C*H*CH=CHCH=CCOiII CiH*CH=CHCH=CH 

CHiCOjH C 6 HiCH=CHCH=CH 


CeH 6 CH=CHCH=CCO,H 

C«IItCH=CHCH=CCOjH 

xx 


The condensation of cinnamaldehyde with 1 J expected 

isopropylidene-, and benzhydrj’lidene-succinate pro . , ^ j e 

giving the dialkylidenesuccinic acids.* 7 Also 0 -p ien ?\ • ture 0 { 

condenses with dimethyl benzhydiylidenesuccma e, gi ° ^ 

two geometric isomers of the expected structure in o • . . 

Benzalacetophenone reacts abnormally wit ie y C0 mp 0 und 

in unspecified yield t. diastci—ic «.=ci- 

which appears to be the keto acid XXL type of addition, 

nate evidently reacts at the 0-carbon b >. diketo ester XXII 

Cyclization of the dimethyl ester of m^*”****" It 
which is cleaved to the original acid XXI on a ' j j. 

is noteworthy that ethyl cinnama.e reacts sumlarb with d^cthj 
aate to give the addition product XXIII in - / 


CHi 

CHCOjCH; 

CtHsCOCHzCHCjIIs CeHsCOCII CHC.H 6 


H0 2 CCHiCHCOjH 


HO J CCHCH l CO J H 

C*HiCHCHiCOiH 

xxm 


* Fiehter and Hirsch, Be r., 34. 218S (190U- 

“ Alder, Poscher, and Schmiti. Ber.. 76B, tJW )• 
n Stobbe, Benary. and Seydel, Ann., IW, 

*> Koelach and Richter, J. Org. Chem.. 3, 4™ 

" Stobbe, Ann.. 314, 111 (1901). 

* Stobbe and Russwurm. Ann., 314, 12^ (19°1)- 
u Stobbe and Fischer, Ann., 314. 142 (1901). 
“Stobbe, Ann. 315.219 (1901). 

u Stobbe and Fischer, Ann., 315, 232 (190 ). 
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Diketones 

Only one diketone, benzil, has been employed in the Stobbc conden- 
sation. 44 With diethyl a-(l-phenethylidene)suecinatc and sodium 
ethoxide the product of mono condensation XXIV was isolated in un- 
specified yield. Benzilic and benzoic acids were also produced. 

CeHs(CHj)C=CCO;C;Hs c.u.cococh, C £ H 4 (CII,)C=CCO : H 
j — - — — — — > i 

H 5 CCOiC;H 5 Ni0C,n ‘ CeH t CO[CeHs')C=CCO : H 

XXIV 


Keto Esters 


The condensation of ethyl 7-anisoylbutyrate (XXV) with diethyl 
succinate and potassium 1-butoxide fails under normal conditions 
(refluxing in f-butvl alcohol), only 7-anisoylbutyric acid l>cing isolated 
from the reaction mixture. At room temperature, however, the con- 
densation proceeds excellently to give an oily mixture of acid esters 


(formula XXVI representing one of the probable structures) in 9 S 7 c 
yield A 


CHlCH;CH;CO;C;H} 


CHX >^> 1 


CH ; CH*CII;CO:C;Hs 


^=CCO;CrH S 


£ H;( 


XXV 


XXVI 


Preliminaty attempts to effect a Stobl>e condensation between the 
3 -keto ester XXVII and diethyl succinate, however, failed. The only 
product which could be isolated was 2-methyl-l-keto-l,2,3,4-tetrahydro- 
phenanthrene (formula XXVII, H in place of C 0 2 CH 3 ). resulting from 
ketonic cleavage of the keto ester. 4 - 



44 St oboe, Ber^, 30, (1S97). 

c J ohzisoD, znd Srhreder, J. An. Chen. Soc., 72, 2395 (1559). 

*’ Jonii&Dn, Peterses, and Gutsdie, J. An. Ctjzn. Soz., 69 , 2942 (1 9AT). 
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Cyano Ketones 

The condensation of the o-cyano kctonra XX\' 111 (R - B' “ 

XXVIII (R - OCII 3 , R' - II), “ and XXV 111 < R _ ' ' R 0C s , ) . 

with dimethyl succinate and potassium 1-butoxide does not gi\c the 
normal Stohbo condensation product. Instead the , cyano group is n n- 
yolved in the reaction, which produces a cyclic product XXIX Ma an 
intramolecular Thorpe type of faction (possibly upon the peeled hnlcr- 
mediary paraconic ester XXX). The nog closure XXX . XXXI 
probably precedes the cleavage of the lactone ring to > » half-este 

salt (XXXI XXXII), since the methylene group of the latter would 
probaMy be too unreactive to condense with the cyano group Hy*°b - 
sis and decarboxylation of the intcrmcdiaty im.no kcto acul XXXIl ; 

give XXIX apparently occurs during the isolation 



-rfir 

lco.cn, Lc °. cl, ‘ 


X3CX * v * v " 

The presence of an eromadc 1 of «yano 

ami the related tricyclic cyano eto "® cleavage of the cyano 

apparently because of the more "V” i ^ thc S ut ,c r instance). This 
hot one giving ring opening (to XXM 

• I,™kn»an uid Juke™. "-“ t'T " 

• JeWon SUM*. mrcN.Oel 

• John™, .md Bumf™. «u P u».U.rJ 

“ JoW» wiJ Shelbrt*. 



14 


ORGANIC REACTIONS 


cleavage is also observed, but is evidently slower, with the a-aryl cyano 
ketones XXVIII. a-Cyanosuberone has also been reported not to 
undergo the Stobbe condensation , 51 but this might be expected on ac- 
count of the presence of the strongly enolizable a-hydrogen atom. 




Methods of Isolation of Products and Proof of Structures and 
Configurations 

The isolation of the Stobbe condensation product from a ketone that 
gives a single substance offers no unusual problems. If the half-ester 
cannot be obtained crystalline, the dibasic acid produced by saponifica- 
tion usually can. For the saponification of the half-ester aqueous 
barium or sodium hydroxide is used. The former reagent is preferred 
for substances that are sensitive to alkali, because the barium salts of 
the dibasic acids are generally insoluble and are thus essentially removed 
from the reaction medium as they are formed. 

For the isolation of Stobbe condensation products from ketones which, 
like acetophenone, give rise to mixtures certain general techniques have 
proved useful. Sometimes a portion of one of the half-esters crystal- 
lizes , 31 - 11 but frequently the crude half-ester mixture is obtained as an 
oil. Though this product is generally satisfactory for synthetic purposes, 
separation is necessary for the fundamental study of the reaction. Such 
a mixture of half-esters can be saponified with barium hydroxide to 
yield a mixture of solid dibasic acids which can be separated by crystal- 
lization or as described below. 

Many alkylidenesuccinic acids have been separated from the alkenvl- 
succinic acids successfully by taking advantage of the difference in ease 
with which they undergo anhydride formation. Although there are 
exceptions^ it is generally true that alkylidenesuccinic acids form an- 
hydrides more readily than do the alkenyl isomers. For example, the 
crude mixture of dibasic acids from acetophenone was treated for twelve 
hours at room temperature with acetyl chloride and the product washed 
with sodium bicarbonate solution. This extracted the alkenylsuccinic 
acid XXXV, leaving the neutral mixture of alkylidenesuccinic anh y- 
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drides which could be separated by fractional crystallization from carbon 
disulfide « Hydrolysis of the anhydrides gave the pure stereoisomenc 
acids XXXVI and XXXVII. 


CHiCOtH 

| 

HOiCCIl* COiII 
\ / 

HO,C CHjCOjH 

\ / 

CHCOjII 

c 

jj 3 

1 

c 

/ N 

C,1U CHt 

XXXV 

11 

c 

/ \ 

C«H» CII» 

xxxvi 

C 

/ \ 

C,H, CHj 

XXXVII 


Evidence for tl,e position of the double bond may be P™' " b > 
oxidation of the sodium salts of the dtac acids in .«»■; 
with cold dilute potassium permanganate. Th' “ 1 -'- ’ „ nJ 

ample thus gave 

An alky^hdenesUTCi^lmlf-cster'Li^iontzation has 

the expected ketone and in addition ethyl pyruvate (tom deemho xyla 

tion of ff0 : CCff,C0C0 1 C.!fs), proving that the carbeth yl g p 

benzoin is exceptional in that it 13 reduc j™e acids raay be obtained 
Further evidence for the structures 0 [. lsu ccinic ac id (XXXV, for 

from their behavior with bromine. Ana > , ibty XXXVIII) 

example) reacts rapidly to give a bn'mos d ; eliminated on 

from which a second molecule of hydrogm bro“ ia<! 
heating with water, giving a dilaclone XAXl A- 

"Pr + Br,~ "^ptbr- 

C { II S b 

xxxv 


„n 


JII — co 


w "|^cu, 

C«IIs 

XXXIX 

»n.l GoMiuiki. J. Am Ch"». ** • 67 • 


G»H, 

I 

CH*— CHCO*n 

3 ^ 0 ^pCH,Br 

QH, 

xxxvin 
[ 10 (1945). 


-h HBr 
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An alkylidenesuccinic acid (XXXVI or XXXVII, for example) 
generally reacts similarly to give a bromolactone (XL), which, however, 
on heating in water loses hydrogen bromide to give an unsaturated 
lactonic acid XLI. The reaction with the acids XXXVI and XXXVII 
is stereo-selective, giving different diastereoisomeric forms of XL, each 
of which gives the same lactonic acid XLI on dehydrobromination. In 
the benzophenone series, 43 treatment of the bromolactone XL (C0II5 in 
place of CII3) with water effects decarboxylation as well as dehydro- 
bromination to give the unsaturated lactone XLII. 


Br 

! 

HO : CC CH, 

I ! 

HsC*C CO 

l\ / 

H’C O 

XL 


HO;CC==CH 

I I 

HsCcC CO 

l\ / 

h 3 c 0 

XLI 


H C = CII 

I ! 

(HtCebC CO 

\ / 

O 

XLII 


The behavior of the half-esters toward bromine has also afforded 
evidence for the position of the ester group. For example, the crystalline 
half-ester of XXXVII which could be isolated from the acetophenone 
condensation gave the ethyl ester of the bromo lactone XL. This result 
is consistent with the formulation of the ester grouping at that carboxyl 
of XXXVII which is attached to the doubly bonded carbon. 33 - 31 Similar 
experiments have been performed in the benzophenone series. 33 - 43 

The configurations of a few alkylidenesuccinic acids have been shown 
by cyclization experiments. With concentrated sulfuric acid the acid 
XXXVI was converted to the anhydride XLIII, and the acid XXXVII 
was cvclized to a mixture of the yellow indoneacetic acid XT, TV and the 
corresponding colorless lactone XLV. 54 This treatment has been used 
in other related series, “- 30 and in some instances the development of a 
deep color with sulfuric acid has been interpreted as an indication of the 
production of an indone derivative, suggesting that the and group is 
cis to CO 2 H as in formula XXXVI IX- 37 

The sulfuric acid method fails to give the expected products in the 
2-acetylnaphthalene series, probably because of sulfonation of the 
naphthalene nucleus. Hydrogen fluoride, however, cvclizes the acids 
corresponding to XXXVI and XXXVII (g-C 10 H 7 group instead of 
C 6 H 5 ) to the phenanthrol XL VI (R = R' = H) and the benzindone 

~ Stobbe, Ann., 308, 89 (1899). 

“ Stobbe, Ber., 37, 1619 (1904). 

55 Stobbe and Horn, Ber. t 41, 3953 (1905). 
w Stobbe, Gademann. and Hose, Ann., 380, S7 (1911). 
a Stobbe and Gademann, Ann., 380, 39 (1911). 



nDjCcii^ x co,ii 
c 

I 

cjif cir, 

XXXVI 


Tim STonni: condensation 

°?~? 
n,c^ yCO 
n,so, r CJ 

Jc^ 
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XLVII (along with the corresponding lactone XLYIII), respectively, 
thus proving the configurations . 11 Another efTcctnc teag ?" . 
chloride in a mixture of acetic ftcid and acetic anhydn e, w uc P 
cyclization of the half-esters as well as the dibasic acids The behav ior 
with this reagent cannot be used to determine the posi 1 t2 M 

group, since the ring closure may be attended by cs • . 

With sodium acetate and acetic anhydride, however, no ester exchang 
occurs, and the half ethyl ester corresponding to cOCHt 

group instead of C„H S ) cyclircs to the ester XLU (R - COCHj, 
R' ™ CjIIj). This reagent has been used similarly to pro ^ j 
figuration of unsymmetrical diarylmcthylcnesuccimc acias. 


Substituted Succinic Esters 

An excellent method for obtaining ttfdiSfof 

is the Stobbe condensation of a ketone or aide y e product 

an aikylidencsuccinic acid (prepared by 

of a normal Stobbe condensation with an ollIehj ' . m-ertcd t0 the 
certain cases lactonic acids are isolated ; they are J Th dialkyl' 
dibasic acids by heating with alcohoiie metal alkox.de. These d.atky 

“ .„d r.,™a y. a- ‘ 3S ‘ 
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idenesuccinic acids XLIX have been named “fu! genic acids;” their 
anhydrides L, which are highly colored substances, are called “fulgides.” 
More than 50 different fulgenic acids and fulgides varying both in 
the nature of the substituent groups and in configuration have been 
prepared.' 1 The alkylidenesuecinic esters appear to condense somewhat 
more readily than diethyl succinate, possibly owing to an additional 
activating influence of the olefinic bond on the methylene group. The 
nitrobenzaldehvdes, for example, gave only resinous substances with 
diethyl succinate, but noth both diethyl isopropylidene- and bonzhydryl- 
idene-succinate good yields of the dialkvlidenesuccinic acids were 
realized.' 2 -' 3 -' 4 

R 

\ 

C=CCO;H 

/ 

R' 

R" 

\ 

C=CCO : H 

/ 

R'" 

xux 

The Stobbe condensation has also been carried out with saturated sub- 
stituted succinic esters of the type represented by formula LI. The reac- 
tion proceeds normally when R = CII 3 , C -" C 6 H s CH 2 , tT C 6 HsCH 2 CH 2 , t5 
and 3,4-(CH 3 0) 2 C 6 H 3 ,' 2 the aldehyde or ketone condensing at the 
methylene group. The condensation of benzaldehyde with diethyl 
phenylsuccinate, LI (R = C S H S ), and sodium ethoxide, however, seems 
to involve the a-carbon holding (and thus activated by) the phenyl 
group; since the product isolated appeared to be jS.y-diph enylvinyl- 
acetic acid, Cr,II:.CTi — C(C.;,Ii 5) Cl LCOdl ,' which could reas onably 
arise from hydrolysis and decarboxylation of an intermediary paraconic 

c Ma=y ci these snbr.ances are described in an exteasjre —a^h by Stobbe and his 
coilaborat ors. 3S0, 1-129 (1911). 

e Stobbe and Ber., 39, 292 (1905). 

c Stobbe and KSllenberg, Ber., 23, 4051 (1905). 

K Ba/ rbrnan and Hoatdin. J. Otq. 8, 200 (1943). 

c Stobbe and Norizel, 39, 1070 (1005). 

K Stobbe and GcSuebe, Ber., 39, 1055 (1905). 
c WeirntaarL. J . Chrg. CBem., 8, 25-5 (1942). 

42 Bo-igatdt, BvR. tnc. cl.irn. Frcrj#, 41, 653 (1927). 

° Richardra, Robinson, and Sesjo, J. 1937, £25. 

~ Bidhter and Latzbo, «T. j?re£f. [2], 74, 327 (1905). 
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ester HI. <j,a-Disubstilutcd succinic esters would be expected to react 
normally in the Stobbe condensation, but no record of such an experi- 
ment has been found. 

C»!I. 

RCHCOsC,!!* CiIIiCII CCOsCiHi 

I I • 

ClIjCOjCiIl* 0^ ^CII. 

CO 


Related Condensations 

Reaction of bcnoMeliydc nitli tricthyl earballylate and sodium 
elhoyidc Riven an acidic ester mixture nliich after saponification. acidi- 
fication, and steam di-tillation affords in unspecified yiei u la is 
probably 0-bentvlidencglutaric anhydride Id 1 1 along rut 1 o icr un 
identified products.” Tire formation of LIU is reasonable on the basis 
of the decarboxylation of an intermediary hetome di-acid LI\ as in 
the reaction of diethyl phenvLuccinate with bcnzaldehj e esc 
in the preceding section. CIIjCOiH 


CHr— CO 

C,II»CH=C O 

\ / 

CII,— CO 


C«HiClI 


CCOjH 

I 

0 CHt 
\ / 

CO 


The condensation of bcnzaldohyde with ethyl ^ benr °- id 
and sodium ethoxide to give /Mxmzylideno-^nzoylj^^ 
C.H i C II =C(COC.fWCH ! CO ! H. in Wi 

condensation in that the course of the attack (a inter- 

e-methylene group) may be We Pe“kin 

mediary keto lactone C.ila CHClKCOCVfs) a , 

condensation of d-bcnxoylpropionic ncid noth bcnzald 3 «C1I= 

contrast, exclusively e-bensylMcne-fhlienzoylpr^jome eCKbt-^^^^ 
CfCOjHJCII.COC.IIs, nnd tliis behavior may be mtic ' CI J CHjC 00. 
‘lie preliminary formation of the cnol lactone, L.Hs J 

n Mailer, Brr., 89. 3390 (1900). 

"Borschr. Brr., 47, 110S (1914). 



20 


ORGANIC REACTIONS 


with a highly reactive a-methylene group. The condensation of ethyl 
( 3 -veratroylpropionate with benzaldehyde and sodium methoxide has 
also been described as giving the /S-benzylidene derivative . 73 

Certain aspects of the use of diethyl glutarate in a Stobbe type of 
condensation have been considered above (p. 5). This ester fails to 
condense to any appreciable extent with benzophenone under the same 
conditions that promote condensation with diethyl succinate in 90% 
yield . 74 When di-f-butyl glutarate was employed instead of the diethyl 
ester with the hope of inhibiting the competing self-condensation of the 
ester, the half-ester, (Cg C(C0 2 f '4 Hr,-/) 0 1 I 2 CI I 1 , was 

obtained in poor yield . 3 With a ketone containing a reactive methylene 
group, diethyl glutarate reacts preferentially by the acetoacetic ester 
type of condensation. Thus cyclohexanone, which is highly reactive 
in the Stobbe condensation , 27 gives only the diketo ester, 

COCH 2 CH 2 CH 2 CO,C 2 H s . 3 1-Tetralone gives an analogous product 
with diethyl glutarate , 73 even though this ketone undergoes the Stobbe 
condensation readily . 76 

Diethyl thiodiglycolate, the sulfur analog of diethyl glutarate, appears 
to be reactive in the Stobbe type of condensation as indicated by the 
condensation with benzaldehyde to give dibenzylidenethiodiglycolic 
acid (LV) in 62-74% yield . 77 The sulfur atom probably assists the 
reaction by exerting a proton-releasing effect on the a-carbon atoms . 73 

C 6 H 6 CH=CC0 2 H 

I 

s 

I 

C 6 H 5 CH=CCO : H 

LV 

The condensation of dimethyl (S-methylglutaconate (LYI) with 
3, 3-dime thylcvclohexanone in the presence of potassium 1 -butoxide 73 
appears to proceed by a Stobbe type of mechanism. The product is an 
oily mixture of half-esters which is produced in good 3 -ield and pre- 
sumably contains LYI I. 

77 Borsche. Hofmann, and Kuhn, arm., 554, 23 (1943). 

71 Johnson, unpublished observation. 

73 Johnson, Johnson, and Petersen, J. Am. Chcm. Soc., 68, 1926 (1946). 

77 Johnson. Johnson, and Petersen, J. Am. Chcm. Soc.. 67, 1360 (1945). 

77 Stobbe, Ljuncren, and Freylx-rc. Bcr., 59B, 205 (192G). 

77 Cf. Woodward and Eastman. J. Am. Chcm. Soc., 68, 2229 (1946). 

77 Bischof, Jeger, and Runcka, Helv. chirr,. Ada , 32, 1911 (1949). 
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,CHC=CHCO,H 

/ I 

CH, 


) COiCH* 

+ CH,C=CHCO,CH, 

A 

CH, CH, 

The condensation of the esters of o-benzoylbcnzoic acid with Mrotyl 
acetate (p. 4) is also related to the Stobbe condensation. 


APPLICATIONS 

Besides the obvious general use for preparing many varieties of 
unsaturated and (by hydrogenation) saturated substituted succinic 
acids, the Stobbe condensation has found wide application in the syn- 
thesis of other types of substances, including substituted lactones, 
naphthols, indones, tetrahydroindanones, and tetralones. These appli- 
cations have led to the synthesis of such substances ns hinokimn, mataire- 
sinol, 2-methylazulene, cadalene; structures related to the steroids, 
including equilenin and bisdehydrodoisynolic acid; and polycyclic 
aromatic compounds in the benzanthracene, naphthacene, and 3,4- 
beniphenanthrene series. Tl.e general Bjuthetic methods end the.r 
applications are considered below. . . 

Lactonic Acids. Alkylidencsuccinic acids (or half-esters) on treat- 
ment tvith bromine give substituted bromoparacomc nerds (or esters) 
according to the first step of the equation in Chart 1, p. 2o. W hen these 
bromo lactonic acids am treatrd tvtlh boiling tvatcr they lose hydrogen 
bromide, generally giving „j 3 -unsaturated laetonre aerds ( ncon.c ac d i ) 
according to the second step of the same equatron. The bromo laetonre 
acids and unsaturated lactones that have been prepared in this manner 
are summarized in Chart 1. , . . 1 ,,.* 

The action of bromine on alkenylsuccmrc nerds takes 
different course (see p. 15 for discussion). J. ... - ]d 

formed, which on heating with water or d, lute 
dilactones, as well as isomeric unsaturated laetonre aerds as dep.ctcd in 

^Saturated lactonic acids (substituted paraconic acids] I tav« been pre- 
pared both by reduction of the bromo or unsaturated lacton e a rds and 
by direct lactonization of the alkylidene- o, atkenyl-succnm aerds, but 
as yet these reactions have not received extensive application. 

*> Linstpad and Mann. J. Ch<m. See.. 19S0. 
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y-Lactones and Unsaturated Acids. When the product of the Stobbe 
condensation with a ketone RCOIt' is heated with a mixture of halogen 
acid, water, and acetic acid, the half-ester is hydrolyzed and the un- 
saturated dicarboxylic acid loses carbon dioxide to produce a y-lactone 
according to the scheme shown in Chart 3. In some reactions an isomeric 
unsaturated acid is also produced, and in four of these reactions it has 
been demonstrated that the two products are interconvertible, thus 
rendering the method useful for the synthesis of either the lactones or 
unsaturated acids. This interconvertibility represents a true “lacto- 
enoic” tautomerism, and the proportion of products produced in the 
decarboxylation generally represents the equilibrium mixture . 81 

Apparently it is necessary that at least one of the R groups be aryl 
in order to realize decarboxylation by this method. The Stobbe con- 
densation product from cyclohexanone, for example, fails to lose carbon 
dioxide even on prolonged heating with the bydrobromic-acetic acid 
mixture, and gives exclusively 7 , 7 -pentarnethylenepnraconic acid 
(98%). 27 Decarboxylation of the paraconic acid, however, can be 
effected by pyrolysis . 63 

Another 7 -lactone synthesis, quite unrelated to those described above, 
involves the aluminum-amalgam reduction of substituted succinic 
anhydrides which may be prepared by hydrogenation and cyclodehydra- 
tion of products of the Stobbe condensation. Dialkylidenesuccinie acids 
have been employed in this manner by the scheme indicated in the 
accompanying formulas. 15 - “• 63 When Ar = 3,4-methylenedioxyphenyI 
the product is dl-hinokinin and on resolution gives material identical 
with the natural product . 19 ’ 63 The related lactone, matairesinol, was 
synthesized in a similar manner (Ar = 3-metho\y-4-hydroxyphenyl).“ 


AtCH=CC0 2 H 
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AtCH=CC0 2 H 
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ArCH 2 CHCO 

I \ 
I / 

ArCH 2 CHCO 


0 -> 


ArCH-CHCH 2 

>° 

ArCH 2 CHCO 


The Naphthol Synthesis. Alkylidenesuccinic acids or half-esters 
having the appropriate stereochemical configuration, viz., an aryl group 
CIS to the CH 2 CO 2 H group, may undergo cyclodehydration and enoliza- 
tion to give a substituted l-naphlhol-3-carboxylic acid as represented 

n For a discussion of the mechanism see Johnson and Heinz, J, Am. Chem. Soc ., 71 
2913 (1949). 

K Johnson and Hunt, J. Am. Chem. Soc., 72, 935 (1950). 

“Keimatsu, Ishiguro, and Nakamura, J. Pharm. Soc. Japan, 55, 775 (1935), [C A 
29, 7961 (1935)]. 

w Haworth and Woodcock, J. Chem. Soc., 1939, 154. 

c Haworth and Slinger, J. Chem. Soc., 1940, 1098. 
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by the equation in Chart 4. Probably- the best way of effecting the 
cyclization is to use sodium acetate and acetic anhydride, which gives 
the acetate of the phenol .' 0 Zinc chloride in acetic acid-acetic anhydride 
as well as anhydrous hydrogen fluoride has also been used for the ring 
closure . 11 

The Indone Synthesis. Alkylidcnesuccinic acids having an aryl group 
cis to the carboxyl group may undergo cyclodehydration to form a 
substituted indonencctic acid, usually accompanied by some of the 
isomerie lactone as indicated in Chart 5. A variety of reagents has been 
employed for this ring closure, c.g., sulfuric acid , 5011 ' ,8 hydrogen 
fluoride , 11 zinc chloride-acetic acid-acetic anhydride,” sodium acetate- 
acetic acid-acetic anhydride,” and aluminum chloride (on the nlkylidene- 
succinic anhydride)."'* 7 -” The indoncacctic acids arc usually colored, 
and the isomeric lactones colorless. Longer reaction periods favor the 
formation of the lactones. 

The nlkylidencsuccinic half-esters with Ar/COjCjHj eta will undergo 
simultaneous cyclization and intramolecular cstcr-cxchange with the 
zinc chloride-acetic ncid-acctic anhydride reagent to give the indone- 
ncctic esters.” For example, by this treatment the half-ester derived 
from benzophenone gives mainly ethyl 3-phcnyl-l-indone-2-acetato 
(79%); but, with sodium acetate in place of zinc chloride, only the 
naphtholacetatc cyclization occurs as indicated in the accompanying 
flow sheet. 



79* 


The Tetrahydroindanone Synthesis. When a cyclic ketone is em- 
ployed in the Stobbe condensation, the resulting half-ester may be 
decarboxylated according to (and with the limitations of) the method 
described above for the preparation of 7 -lactones and unsaturated acids 

* Stobbe and Vieweg, Be r., SS, 1727 (1902). 

87 Haworth and Sheldiick, J . Chem. Soc., 1233, 636. 

** KoeUch and Richter, /, Org. Chen t„ S, 465 (193S) 
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(Chart 3). Either the lactone or the unsaturated acid thus produced 
may be cyclized with zinc chloride in acetic acid and acetic anhydride 
to give a fused cyclopentenone nucleus as represented in Chart 6, 
Scheme A. An alternative approach, Scheme B, is to treat the half-ester 
with the zinc chloride reagent, which effects cyclization to a keto ester 
which then can be easily hydrolyzed and decarboxylated by hydro- 
chloric-acetic acid. Scheme B is generally preferred, since the two steps 
may be carried out in a single operation; i.e., after the cyclization reac- 
tion is completed, water is added to decompose the acetic anhydride, 
then hydrochloric acid is introduced and the heating continued. Ihe 
portion of the product that is neutral after saponification consists largely 
of the desired ketone. In the l-keto-2-methyl-l,2,3,4-tetrahydro- 
phenanthrene series, however, it was necessary' to employ Scheme A, 
because the half-ester underwent the indone cyclization with ester ex- 
change, the ring closing into the aromatic nucleus (see Chart 5). Ex- 
amples of the tetrahydroindanone synthesis are tabulated in Chart 6. 

The Tetralonecarboxylic Acid Synthesis. Catalytic or chemical re- 
duction of the Stobbe condensation product from an aromatic aldehyde 
or diaryl or aryl alkyl ketone yields an arylmethvlsuccinic acid which on 
cyclization generally gives a substituted l-tetralone-3-carboxyIic acid 
as represented in Chart 7. The ring closure is usually effected by the 
action of aluminum chloride on the arylmethylsuccinic anhydride, 11 - S3 - M - li 
and the six-membered ring is generally formed in preference to the five* 3 
In certain cases, as with desoxy benzoin, it is possible to realize double 
cyclization.- 1151 -" 

The Tetralone Synthesis. y-Arylbutyrolactone? produced via the 
Stobbe condensation according to the -lactone synthesis (Chart 3) may- 
be reduced to substituted -y-arvlbutyric acids which on cyclodehydration 
yield substituted 1-tetralones according to the scheme outlined in 
Chart 8. The reduction of the lactones may be effected by the Clem- 
mensen method, 53 - 54 with phosphorus and hydriodic acid, 53 phosphorus 
and iodine, 54 or probably best by catalytic hvdrogenation. 53 - ^ 55 The 
cyclization may be carried out by one of the conventional methods. 53 

The isomeric unsaturated acids (Chart 3) can be employed as well as 
the -lactones as, for example, in the synthesis of tetrabydroperinaphtha- 
none from 1-tetralone. Decarboxylation of the Stobbe conde nsa tion 

14 H J _ Cljem. ,Soe„ 1525, 595. 

rj Johnson in Adams. Organic Rtcctiom, Vol. 2. John Wiley A S ous. Xe— York, 1944. 

n Borsch? and Sian. Ann.. 555, 70 (1945). 

71 Xeraman and Hart. J. An. C'rsrm. Soc_, 69, 29S (1947). 

V: Johnson and Jones, J. An. Chm. Soc., 69, 792 (1947). 

14 Riegd and Burr, J. An. C7.cn. .Soc., 70, 1070 (194S). 

56 Johnson, Goldman, and Schneider, J. An. C7.cn. Sot., 67, 1357 (1945). 
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product gives predominantly the unsaturated acid, which is reduced 
readily by catalytic hj’drogcnation and cj-clized with hydrogen fluoride. 7 * 

The Naphthalic Anhydride Synthesis. This synthesis is typified by 
the cyclodchydrogenation of dibenzylidencsuccinic anhydride, obtained 
via the Stobbc condensation with bcnzaldehyde, to give l-phenyl-2,3- 
naphthalenodiearbovylic nnhj-dride. The ring closure may be effected 
by the action of sunlight on a benzene or chloroform solution of the 
anhydride containing a trace of iodine * MT or by heating at 200-2S0 0 .* 7 
Tile naphthalic anhydrides prepared by this method are tabulated in 
Chart 9. 

The Equitenone Synthesis. The Stobbe condensation with a 0-keto 
nitrile has been discussed in some detail on p. 13 The resulting keto 
ester may bo hydrolyzed and decarboxylated, giving an unsaturated 
ketone which on catalytic hydrogenation yields an equilenone. The 
7-mcthoxy keto nitrile has thus been employed in the synthesis of the 
natural hormone equilenin. 


CHART 1 


Rrojio and Unsatcrated Lactonic Acios from Aektudenescccinic Acids ** 


C==CCOtH 

vf no,ciiiR" 
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CHj C,IIs 
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c.m c«ii» 

— ClhCIhClUCllr- 
-CHiCH (CII|)CIIiCHiCH» — 


R" Reference 

II 20, 30 

H 25, 31 

II • 25, 53 

CIIj G5 

II 9S 

n 09 


• The bromo lie tonic add Iowa carbon dioude and hydrogen bromide on boiling with water to giro 
in oJtun».turateJ -rlactone. 


"Stobbe, Ber., 40, 3372 (1907). 

17 Baddar, Kl-Aatal, and Gindy, J. Chem. Soe., 1948, 1270. 
•Stobbe. J. praA-t. Chtm.. [2J. 89, 3 29 09 M>. 

• Stobbe, J. prakt. Chem . (21, 89, 341 (1914). 
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CHART 2 

DrLAcroNxs and Lactonjc Acids from Alkentlbcccinic Acids s 
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R, 


CHART 3 

-/-Lactone Synthesis ! 


0- 


X C0 — gisbfes — >. 

/ coadesiaifoa 

w 

Ketonb 

Acetophemms 

Propiopheatme 

i^CH 2 C 6 H 4 COCHj 


)c=cch 2 co z h 5 )cch 2 ch 2 co 

E ' do,— ’ * 


Jz^2^-S 

(H) 

cr/tcd iwaers 


Product 


? 1 

c 6 h 5 cch 2 ch 2 co 

CH, 


? 1 

C 2 H 5 

? — l 

:pC^C 6 H,CCH 2 CH 2 C0 

CH, 


ct/ tad 

uatafcrated add 


Reference 

2 


93 



THE STOBBE CONDENSATION 


27 


Ketoxe 


CHART 3 — Continued 
t- Lactone Stnthzsis — Continued 
Trod vet 


Reference 


2-AcetyInaphthaIene 


3-AcetylpTtenanthrene 


Benrophenone 


05-011500,110,00 
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“* Johnson and Petersen. J. Am. Chem. Soc., 67. 1366 (HH5). 

M Johnson and Strom berg, J. An. Chem. Soc., 73, 505 (1950). 

** Riegel, Siegel, and RritcbevsVy. J. Am. Chem. Soc., 70, 2950 (19-tS). 
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CHART 4 

The Nafhthol Synthesis 110 
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CHART 6 

The Tetrartdroikoasoite Stethesis ” 
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»“ Cook and Phiiiip. J. Chtm. Sue., 1S«. 162. 
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CHART G — Continued 

The T F-THAn ydhoindxn'one Synthesis — Continued 
Ketone Scheme Products Reference 



CHART 7 

The Tethaeonecarboxtlic Acid Stnthesis 17 



(Converted to 3,4-benzpbenonthrene, K=H) 



(Cor. verted to bUdehydrodoisynoIic sad) 
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CHART 7 — Continued 

The Tetr.4Lonecarboxti.ic Acid Synthesis— Continued 
Aldehyde or Ketone Products References 
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*• Cook and Robinson, J. Chem. &*.. 1938. 505. 

** Berpnann and Weismann, Compt. Tend., S09, 539 (1939). 
K * Dufraisse and Iloupdiart, Comjd rend., SOS, 756 (193S). 
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CHART 9 

The NirirniAUC Axizzdbide Stathesis 17 
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is allowed to stand in the cold for several days to weeks. It is then 
heated for a short period, and treated with water. The half-ester or 
hydrolysis product is recovered from the aqueous layer by acidification. 
Satisfactory yields can sometimes be realized if ethanol is substituted 
for ether; moreover the reaction period may be shortened considerably 
by heating the mixture at the start. In general, however, the ether- 
sodium ethoxide method gives better results. In either reaction medium 
there is almost always a significant amount of reduction of the ketone 
to the corresponding carbinol. For example, methylphenylcarbinol !1 
and benzhj-drol H were thus obtained in the condensation with aceto- 
phenone and benzophenone, respectively. This reduction is evidently 
effected by the ethoxide, which is converted to acetaldehyde, which in 
turn is largely responsible for the formation of resinous material and 
darkening usually observed with this procedure. Evidence for the 
presence of acetaldehyde has been provided by Koelsch and Richter M 
in a careful reexamination of the condensation of benzophenone with 
diethyl benzhydrylidencsuccinato by the classical procedure. 107 The 
crudeacidic fraction was hydrolyzed and treated with acetyl chloride to 
convert the dibasic acids to anhydrides, which were separated into the 
expected dibenzhydrylidenesuecinic anhydride (LVIII) in 40% yield, 
and two stereochemical forms of l,l,6,6-tetraphenylhexatriene-l,2- 
dicarboxylic anhydride (LIX) in 10% yield each. The formation of 
LIX could be explained only by the participation of acetaldehyde in the 
condensation. Considerable benzbydrol was found in the neutral frac- 
tion. The structure of LIX was confirmed by direct synthesis from 
0-phenyleinnamaldehyde and dimethyl benzhydiylidenesuccinate. The 
formation of this by-product in the original condensation with benzo- 
phenone was avoided altogether by the use of the dimethyl ester and 
sodium methoxide. This behavior is in accord with the demonstration 
that metal methoxides are weaker reducing agents than ethoxides. 105 
Although sodium methoxide largely eliminates the oxidation-reduction 
complication, it is a weaker condensing agent than sodium ethoxide and 
has therefore not found general use. 

(C«Ht)jC=CCO (CeHthOCCO 

I >° I > 

(CjHj)jC=CCO (C»H 6 )sC=CHCH— CCO 

LVIII LIX 

w Stobbe. Ber., 3S, 3673 (1905). 

w * Adkins, Elofson, Itossow, and Robinson, J . Am. Chem. Soe , 71, 3622 (1919). 
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Potassium /-Butoxide 

The oxidation-reduction reaction can also be inhibited by the use of 
potassium f-butoxide in /-butyl alcohol. Potassium /-butoxide is a con- 
siderably stronger condensing agent than sodium ethoxide and in general 
affords better yields of pure products in much shorter reaction periods. 
For example, the condensation of 1-tctralone with diethyl succinate T5 
by the ether-sodium ethoxide method gave after two to three days (opti- 
mum time) a red, gummy, semi-solid acidic product in 83% yield from 
which pure half-ester was obtained in less than 50% yield based on the 
original ketone. By the potassium /-butoxide method, however, a pale 
yellow crystalline product was produced in S9-94% yield after a reaction 
period of only forty-five minutes, and a single crystallization gave prac- 
tically pure colorless half-ester with a recovery of 90%. With cyclo- 
hexanone the /-butoxide method afforded distilled half-ester in S4% 
yield after a reaction period of only ten minutes," whereas the best 
yields that have been reported by other methods do not exceed 40%." 

Reducing Action and Self-Condensation of Succinates 

Even potassium /-butoxide and diethyl succinate cause some reduction 
of the ketone. With these reactants the reduction is effected by the 
alcohol formed as a by-product in the Stobbe condensation and as a 
product of the self-condensation of the succinate to produce diethyl 
cyclohexane-1, 4-dione-2,5-dicarboxylate, LX (R = C 2 H 5 ). A significant 
amount of reduction occurs only with ketones that react slowly in the 
Stobbe condensation, thus allowing a considerable concentration of 
ethoxide to build up by the competing self-condensation reaction. This 
was the case with the cyano ketone XXVIII, R = OCH 3 , R' = II 
(p. 13), which under these conditions was partly reduced to the cyano 
carbinol LXI. 45 This reduction could be almost completely eliminated 
by the use of dimethyl instead of diethyl succinate, a result that is in 
accord with the comparative reducing properties of methoxide and 
ethoxide considered above. Dimethyl succinate is therefore useful in 
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conjunction with t-butoxide for condensation with slowly reacting 
ketones. This ester, however, is more susceptible to self-condensation 
to form the cyclic keto ester LX (R = CH 3 ) than the diethyl compound; 
therefore it is usually necessary to employ a larger excess of dimethyl 
succinate and potassium t-butoxide, added gradually, in order to obtain 
good yields. By such a procedure 2-methyl-l-keto-l,2,3,4-tetrahydro- 
phenanthrene undergoes condensation in 93% yield as compared with 
75% by the usual t-butoxide procedure .**- 101 
Di-t-butyl Succinate. Another solution to the problem of the com- 
peting self-condensation of the esters lies in the use of an ester like 
di-t-butyl succinate, which reacts in this way relatively slowly. The 
unreactive ketone p,p'-dimefho.\ybenzophenone undergoes condensation 
with diethyl succinate by the classical sodium ethoxide procedure only 
to a slight extent, 1 ” while by the conventional f-butoxidc method the 
yield is about 47%.* The yield can be raised to 83% by use of a large 
excess of reagents as described above, or to 90% by employing di-t- 
butyl succinate in slight excess.* No reduction of the ketone is possible, 
and the self-condensation of the ester is virtually eliminated. The 
Stobbe condensation itself, however, is considerably slower with di-f- 
butyl than with dimethyl or diethyl succinate, presumably owing to 
steric resistance of the carbo-t-butoxy group to participation in the 
lactonization step. Longer periods of heating, therefore, are required, 
and such treatment may be undesirable in condensations involving alde- 
hydes or ketones which are themselves sensitive to the alkaline condi- 
tions. Thus the cyano ketone XXVIII (R = OCII3, R' = H), p. 13, 
gave the expected 1-butyl keto ester in only 13% yield, probably because 
the competing ring-opening reaction to produce the compound corre- 
sponding to XXXIV (ring B aromatic), p. 14, took precedence .' 6 An- 
other limitation of di-<-butyl succinate is that currently it is considerably 
more difficult to prepare than the dimethyl and diethyl esters. 


Sodium Hydride 

Although this reagent has not been studied extensively, it promises 
to be particularly effective in the Stobbe condensation . 110 It has the 
advantage of being inexpensive nnd especially easy to use as a condensing 
agent. For example, a mixture of benzophenone, diethyl succinate, and 
sodium hydride is stirred for about five hours at room temperature, 
ether (or benzene) being added as a diluent. The mixture is acidified 
and the product extracted with bicarbonate solution, acidification of 

Johnson and Goldman, unpublished observation. 

1,0 Daub and Johnson, J. Am. Chem. Soe.. 70, 41S (194S). 72, 501 (1950). 



40 ORGANIC REACTIONS 

which gives essentially pure crystalline half-ester in 97% yield. A trace 
of ethanol is usually required to initiate the reaction. The alcohol 
reacts rapidly with the sodium hydride to produce sodium ethoxide, 
which may be the true condensing agent. As the reaction proceeds, 
more alcohol is formed as a by-product. This reacts rapidly with the 
sodium hydride, producing additional sodium ethoxide; and, as the 
concentration of the latter gradually increases, there is a corresponding 
increase in the rate of condensation as evidenced by the rate of evolution 
of hydrogen. The essential difference between this and the classical 
sodium ethoxide method is that there is no accumulation of alcohol as 
the reaction progresses, even if there is considerable self-condensation of 
the ester. 

■When di-f-butyl succinate is used with sodium hydride the self- 
condensation reaction is essentially eliminated so that the progress of 
the Stobbe condensation can be observed conveniently by measuring 
the volume of evolved hydrogen, two moles of gas being produced for 
each of half-ester salt formed. 110 With enolizable ketones, like desoxy- 
benzoin, a competing reaction to form the sodio derivative may be in- 
volved, with the production of hydrogen in a mole-to-mole ratio. 

Succinoylation. With some ketones having reactive a-methyl or 
methylene groups the sodium hydride method tends to promote a small 
amount of succinoylation of the ketone by the diethyl succinate. This 
acetoacetic ester type of condensation is the reaction which was originally 
expected (see Scope and Limitations) but was never definitely observed 
until the recent study with sodium hydride. 110 In the condensation of 
l-keto-l,2,3,4-tetrahydrophenanthrene with diethyl succinate, in addi- 
tion to the expected half-ester (yield 86%) a product shown to be the 
succinoyl derivative LXII (R = C 2 H S ) was isolated in 3% yield. With 
dimethyl succinate the yield of the corresponding by-product LXII 
(R = CH 3 ) was 9%. No succinoylation was observed with aceto- 
phenone, diethyl succinate, and sodium hydride, the mixture of half- 
esters being produced in 93% yield. Surprisingly, with di-f-butyl 
succinate the succinoylation product, CGH 5 COCH 2 COCH 2 CH 2 COCH 2 - 
COCgH. 5 , was isolated in 33% yield, the Stobbe condensation proceeding 
in only 57% yield. 
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Other Side Reactions 

With aldehydes in the Stobbe condensation, expected side reactions 
involving the aldehyde alone have been observed in the presence of 
alkoxide. Among these are the Cannizzaro reaction 17 ’ ,n * 112 and the aldol 
condensation. 14 - 1 * 

The failure of certain ketones containing highly active o-methyl or 
a-methylene groups to give good yields in the Stobbe condensation may 
be due in part to a tendency for these ketones to enolize. The anion 
produced may be relatively stable, as with desoxvbenzoin and dibenzyl 
ketone, in which event the ketone is recovered unchanged. On the 
other hand the anion may compete with the ester anion in reaction with 
free ketone, in which event self-condensation of the ketone is effected. 
1-Hydrindone falls into this latter category, since considerable hydrindyl- 
idenehydrindone is produced in the Stobbe condensation with t-but ox- 
ide. 111 Cyclopentanone also fails to react well in the Stobbe condensa- 
tion. In addition to considerable cyclopcntylidenecyclopentanone, 111 a 
lactonic acid apparently produced by condensation of two moles of 
ketone and one of ester has been obtained.” This substance is either 
a lactone of a dibasic acid like LXIII, produced by the condensation of 
succinic ester with cyclopcntylidenecyclopentanone, or of a dibasic acid 
liko LXIV. The former structure is perhaps preferred because no 
comparable product was found in the condensation with cyclohexanone, 
which has an even more reactive carbonyl group (thus favoring the 
formation of a product like LXIV) and a less reactive methylene group 
for self-condensation. However, a product of “dicondensation” was 
isolated in poor yield in the 3-mcthylcyelohcxanone series.” 

<pnco,n irOjCCH chco 2 h 

CIIjCOjU 

iiiii Lxrv 

EXPERIMENTAL PROCEDURES 

The following procedures represent typical examples of different 
methods for effecting the Stobbe condensation. The selection and 
adaptation of these procedures for application to other ketones may be 

111 Fiehter and Scheuermann, Btr., 34, 1626 (1901). 

*“ Stobbe, Ann., 380. 49 (1911). 

IU Johnson and Davis, unpublished observation. 
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facilitated by a consideration of the preceding section on experimental 
conditions and side reactions. 

Sodium Ethoxide Method. Since this method generally gives poorer 
results than those outlined below, it is not described in detail. A fairly 
complete procedure for the ether method is given elsewhere for the con- 
densation of a-tetralone with diethyl succinate/ 8 Details for the use 
of sodium ethoxide in ethanol are described for the condensation of 
2-acetylnaphthalene with diethyl succinate." 

Sodium Methoxide Method. Successful uses of this reagent are 
described in the literature for the condensation of benzophenone noth 
dimethyl benzhydrylidenesuccinate 35 and for the condensation of 
desoxybenzoin with dimethyl succinate.” 

{5-Carbethoxy-y,y-diphenylvinylacetic Acid. (Use of Potassium 
f-Butoxide and Diethyl Succinate.) The following directions for the 
condensation of benzophenone with diethyl succinate represent a modi- 
fication of a procedure previously reported. 3 This method is applicable 
to many ketones, although for best yields it may be necessary' to vary 
the reaction period from ten minutes (for cyclohexanone) to forty'-five 
minutes (for a-tetralone). In some reactions it may prove effective to 
increase the concentration of alkoxide by reducing the volume of 
solvent. 103 

The following procedure is recommended for the safe handling of 
potassium. The metal may be cut conveniently under xylene, which 
has been dried over sodium wire, contained in a mortar. A beaker or 
crystallizing dish should not be used as it is too fragile. Each scrap 
obtained in cutting off the outer oxide-coated surface of the metal should 
be immediately transferred with tweezers to a second deep mortar con- 
taining dry xylene where the accumulated residues are decomposed as 
described below as soon as the cutting operation is complete. In order 
to weigh the freshly cut metal it may be removed with tweezers, blotted 
rapidly with a piece of filter paper, and introduced into a tared beaker 
containing dry' xylene. The weighed potassium is then introduced into 
the reaction mixture, the proper precautions, such as judicious rate of 
addition, exclusion of air and moisture, etc., being taken depending on 
the nature of the reaction involved. 

Caution: It is the small scraps of metal which adhere to the knife or 
float on top of the xylene that are most likely to start a fire. 

Danger: Potassium residues have been known to explode even under a 
pro teeth e liquid. It is therefore important that all such residues be 
decomposed imm ediately; under no circumstances should they be 
stored. The mortar containing the scraps is moved to the rear of the 
hood, and f-butyl (not methyl or ethyl) alcohol is added in small portions 
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from a medicine dropper or beaker at such a rate that the reaction does 
not become too vigorous. A square sheet of asbestos large enough to 
cover the mortar should be at hand. If the liquid should catch fire it 
may be extinguished easily by covering the mortar with the asbestos 
sheet. There should be no other inflammable material or flames in the 
hood during this treatment. Sufficient 1-butyl alcohol must be employed 



to ensure complete decomposition of all the potassium, or a serious fire 
may result when the reactants are washed down the dram, bmall 
specks of potassium usually remain in the first mortar used for the cutting 
operation and should be decomposed in the hood by cautious addition 
of small amounts of (-butyl alcohol as described above. 

The reaction is conducted in a 500-ml. round-bottomed flask attached 
by a ground-glass joint to a reflux condenser, the top of which is con- 
nected to a three-way stopcock leading to a, a source of nitrogen and a 
mercury trap, and b, a water aspirator (Fig. 1). The flask and con- 
denser are dried by warming with a free flame while the system is under 
reduced pressure (cock turned to b to engage aspirator). Tank nitrogen, 
dried by passage through concentrated sulfuric acid and soda-lime, is 
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then admitted to the apparatus by turning the cock slowly to the posi- 
tion indicated in Fig. 1 while nitrogen is bubbling through the mer • 
■Z cooled flask is quickly charged with 45 ml. of dry Mmtyl alcohol 
and 2 15 g. of potassium and then reconnected to the apparatus. •• 
particularly important that the Mmtyl alcohol be thoroughly mhy 
drous * The flow of nitrogen is stopped, the screw clamp is dose d, an t 
the mixture is boiled under reflux until the potassium is dissolved, 
hydrogen being liberated through the mercury trap. The complete dis- 
solution of the potassium will require more than four hours if the Mmt> 
alcohol and apparatus have been properly dried. 'Die solution is then 
cooled to room temperature, nitrogen being admitted to equalize the 
pressure. The flask is quickly disconnected just long enough to add 1 
g 0 f dry, distilled benzophenonc and 13.05 g. of freshly distilled dicthj 
succinate. The system is then evacuated (until the alcohol begins to 
boil) and filled with nitrogen. With the stopcock in the position shown 
in Fig. 1 and the screw damp closed, the mixture is refluxed gently for 
thirty minutes. The potassium salt of the half-ester may precipitate 
during this period. 

The mixture is then chilled, acidified with about 10 ml. of cold m 
hydrochloric acid, and distilled under reduced pressure (water aspirator) 
until most of the alcohol is removed. Water is added to the residue, 
which is extracted thoroughly with ether, and the combined extracts are 
washed with successive portions of 1 X aqueous ammonia until a 
test portion gives no precipitate on acidification. The combined alkaline 
solutions are washed once with a fresh portion of ether and then arc 
added slowly with stirring to an excess of cold dilute hydrochloric acid. 
When the addition is complete the mixture should still be acidic to 
Congo red. The pale tan, crystalline half-ester is separated on a suction 
funnel, washed well with water, and dried. The yield is 14.0-14.5 g. 
f 90 - 94 %) ; m.p. 120-124°. If a purer material is desired the crude 
product can be recrystallized by dissolving in about 50 ml. of warm 
benzene, filtering, and adding an equal volume of petroleum ether (b.p. 
40-60°). Upon cooling 13.0-13.4 g. of almost colorless half-ester, m.p. 
123-124.5°, crystallizes. 

p-Carbomethoxy-p-(2-methyl-l, 2,3,4, -tetrahydro-l-phenanthryli- 
dene)propionic Acid. (Use of Potassium t-Butoxide and Dimethyl 
Succinate with Unreactive Ketones.) If the procedure described above 


* Anhydrous Mmtyl alcohol can be prepared by refluxing the commercial product 
with sodium (about 3 g. of sodium per 100 ml. of alcohol) until about two-thirds of the 
metal has dissolved and then distilling the f -butyl alcohol. It may be necessary to add 
fresh sodium in order to have free metal present throughout the distillation. A highly 
effective and convenient method of drying (-butyl alcohol is with calcium hydride, which 
can be obtained from Metal Hydrides Inc.. Beverly, Mas. 
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faib to give good yields and unchanged ketone is recovered, the following 
procedure for the condensation of 2-methyl-l-keto-l,2,3,4-tetrahydro- 
phenanthrenc with excess dimethyl succinate ,U61 may be useful. This 
represents a reaction that gives rise to a mixture of isomeric half-esters. 
Dimethyl succinate is used instead of the diethyl ester to avoid reduction 
of the ketone. Dimethyl succinate is conveniently prepared in 85-90% 
yields on a scale as large as 2 kg. by the general procedure of Clinton and 
Laskowski 1,4 utilizing ethylene dichloride as the solvent. The product 
is purified by a single distillation through a short Yigreu.x column; 
b.p. 192-105°/750 mm., ng 1.4173-1.4174. 

A 500-ml. three-necked flask with ground-glass joints is fitted with a 
Hcrshbcrg dropping funnel ,u and a Ilershbcrg wire stirrer passing 
through a glass bearing capped with a silicone-lubricated rubber sleeve. 
The third neck of the flask is connected with pressure tubing to a T-lube 
leading to the top of the dropping funnel and to the arm of a three-way 
stopcock which leads to a source of nitrogen and reduced pressure as 
shown in Fig. 1 {T-tubc replacing condenser). The apparatus is flame- 
dried, and dry’ nitrogen is admitted as described on p. 43. The dropping 
funnel is charged with a mixture prepared by adding 12.9 g. of dimethyl 
succinate to a solution of 3.02 g. of potassium in 63 ml. of dry' f-butyl 
alcohol. (See the procedures for handling potassium and drying f-butyl 
alcohol on pp. 43-14.) Two and one-half grams of 2-methyI-l-keto- 
1,2,3,4-tctrahydrophenanthrcne (m.p. 72-73°) is placed in the flask, 
and the system is then evacuated and filled with nitrogen os described 
above. 

With the stopcock in the position a indicated in Fig. I the screw clamp 
is closed and about 15 ml. of the solution is added from the dropping 
funnel. The stirrer is started and the flask heated with an oil bath 
maintained at 50-55° while the remainder of the mixture is dropped in 
over a period of about four hours. After an additional hour at 50°, 
the mixture is cooled, acidified with excess 1:1 hydrochloric acid, and 
most of the alcohol removed under reduced pressure. Water is added, 
and the semi-solid organic residue is taken up in ether, washed with 
water, and extracted with successive portions of 1 A 7 aqueous ammonia 
Acidification of the combined alkaline solutions gives 3.57 g. (93%) 
of a yellow’ oily mixture of half-cstcrs which solidifies on standing, m.p. 
119-143°. The predominant isomer can be separated in 61% yield by 
crystallization of the crude product from dilute methanol, giving 2.37 g. 
of colorless needles, m.p. 156-159°. 

“ Clinton and Laskowski. J. Am. Chem. Soc , 10, 3135 (194S). 

lu Organic Syntheses, Coll. Vo!. 2. 120 (1013); see also Fieser, Experiments in Organic 
Chemutry, 2nd ed , D. C. Heath and Co . Boston, Maas , 1911. p. 312. 
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(ground-glass joints) flask equipped with a Hershberg wire stirrer pass- 
ing through a glass bearing capped with a silicone-lubricated rubber 
sleeve, and a condenser the top of which leads to a source of nitrogen 
and reduced pressure as shown in Fig. 1 . The third neck of the flask 
carries a ground-glass stopper, which is removed for the addition of 
reagents. For larger runs the stopper may be replaced by a special 
addition tube for the introduction of sodium hydride. 118 The apparatus 
is evacuated, flame-dried, and filled with nitrogen as described above. 
With nitrogen flowing, the stopper is removed and 3.6 g. (0.15 mole) of 
sodium hydride is washed into the flask with the aid of about 25 ml. of 
dry benzene, followed by 6.0 g. (0.05 mole) of freshly distilled aceto- 
phenone and 26.13 g. (0.15 mole) of freshly distilled diethyl succinate, 
which are washed into the flask with an additional 25 ml. of dry benzene. 
A little ethanol (0.73 ml.) is then added, the stopper is replaced, and the 
flow of nitrogen is stopped, the pinch-clamp (Fig. 1) being closed. The 
stirrer is started, and hydrogen gas is evolved through the mercury' 
bubbler trap, slowly at first and then more rapidly as the reaction 
progresses. The flask is cooled as needed with a cold-water bath to 
maintain the temperature below 40°. At the end of about one hour 
the evolution of gas has usually almost subsided and the reaction is 


essentially over. 

The mixture is cooled with an ice bath, and 10.5 ml. of glacial acetic 
acid is added dropwise (to avoid excessive foaming). Water and ether 
are then added, and the aqueous layer is separated and washed once 
with ether. The combined ethereal solutions are extracted repeatedly 
with 5 % sodium carbonate solution until a test portion shows no appre- 
ciable cloudiness on acidification. The combined alkaline solutions are 
acidified, and the precipitated oil is collected by ether extraction. The 
ethereal solution is dried over anhydrous sodium sulfate and evaporated 
in vacuum, leaving 11.4-11.6 g. (92-93%) of a pale yeUow semi-solid 
fixture of isomeric half-esters. This crude product has a neutral 
equivalent of about 261 (calculated 24S) and may be employed directly 
in synthetic operations. Such a product, for example, when heated with 
a mixture of hydrobromic acid, water, and acetic acid is hydrolyzed and 
decarboxylated giving 7 -phenylvalerolactone m about So/ 0 yield. 
However, if it is desired, the crude product may be crystallized from 
petroleum ether (60-6S°), and thus about one-third of the material may 
be rendered crystalline (m.p. 111-112° after reciystaihzat.on). This 
product is the half-ester, C 6 H 5 C(CH 3 )=C(C0 2 C 2 H 5 )CH 2 C0 2 H, in 


which the phenyl and carbethoxyl groups are cts. 

When the nbove procedure is applied to benrophenone (^cartethoay- 
Wdiphenylvinylacetic acid, m.p.121.5 -125 5", tsobtatned ,n 9, % yteld. 
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Strpctcral Ket for Generic Names in Tables I and II 


Dibasic Acids 

ciijCo 2 n 

R t C=CCOjII 

JUkylidcnesaccioio »cid 


Lactonic Acids 

CO 
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R.C— CIICOjII 


it cajcop 

JCCIICQ 2 U 
R 2 C 

AIlcnjbiiTCinic »cid 
IIOjCC^CRj 

R 2 c«cco 2 ir 

Di»lVjliJcn«uccinlc acid 


cn.co 2 n 



AU>lidea(PAncooia acid 



Diethyl succinate (I) J NaOCjTIi (2.5), I — , cold to J Alkylidenestiecinic odd (29) 
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TAliT.E I — Continued 

Tub Stoiiuk Condkiwation with Au)i'.iivm:» 
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CiHmOj o-CjH(OC«IIiCHO Diethyl benzhydrylidcne- NaOCjHi (2.2), 7 hr , — 15° Dialkyljdcnesuc 

succinate (1) ethanol to reflux (> 50) 

C»JI M 0, 3, 4-(CH,0) 2 C,II,CH0 Diethyl succinate (0.5) NaOCillj (I), Sd., -15° DislJcyJidenesuc 

, ether to reflux alkylidenesuc 

Diethyl succinate (0 5) NaOCjII* (1), 4 hr., — Dialkyhuccinic 
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Ss/OCIIj 

OCHjQIIs 



TABLE II 

Tnr. Stonm: Condensation with Ketones 
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TABLE 1 1— Continual 
Tin: Stoiuih Condensation with Khtonbs 
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G’tjHioO llonzophonono Diethyl succiimtc (0.5) NuOCjHs (1), 2 wlc., —15° Alky lidonesuceinic half- 

ether to 23° ester 

Diethyl succinate (1) NaOQdlr, (2), Several days, Alky lidonesuceinic lmlf- 
cther -15° to ester (58-02) 
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TABLli ll— Continued 
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INTRODUCTION 

The frequent occurrence of the isoquinoline nucleus in alkaloids has 
led to considerable interest in the synthesis of isoquinobne derivatives. 
Many methods have been developed, but only three have enjoyed much 
popularity: the Bisehler-Napieralski reaction discussed in this chapter, 
the Pictet-Spengler reaction treated in Chapter 3, and the Pomeranz- 
Fritsch synthesis which is the subject of Chapter 4. It will be of value 
to the reader to recall that the isoquinoline ring is numbered as shown 
in the following formula. s 4 



The Bisehler-Napieralski reaction consists in the cyclodehydration 
of ,6-ph en ethylnm id es to 3,4-dihydroisoquinolines (I) by heating to 
high temperatures with phosphorus pentoride or anhydrous zinc 
chloride. 1 No yields were given by the discoverers of the reaction, but 



1 Bischler and Napierakki. B<t.. 26, 1903 (IS93). 
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later workers have shown that the yields are very’ poor under the con- 
ditions original!}' described for the reaction." *■* Modifications using 
lower temperatures and milder condensing agents have improved the 
reaction, and it has become the most frequently used method of preparing 
isoquinoline derivatives. 

The most important variation in the reaction is that introduced by 
Pictet and Gams,° which yields the isoquinoline directly from a /?- 
hydroxy-/9-phenethylamide and eliminates the dehydrogenation neces- 
sary’ when the original Bischler-iSapieralski reaction is used for preparing 
isoquinolines. The classical synthesis of papaverine (II) by Pictet and 
Gams is given here as an example of their variation. 4 Removal of water 



from the ethvlamine side chain to create a double bond has been found 
to precede cyclization, the intermediate vinylamide (III) being easily 
isolable in certain reactions,'' 8 The isoquinolines produced in this 
stepwise manner had no substituents in the 5, 6,7, 8 positions, but ultra- 


OH 



! Pictet and Kay, Ber., 42, 1973 (1909). 

3 Pictet and Finkclstein, Compl . rend ., 14S, 925 (1909). 
« Pictet and Gams. Ber., 42, 2943 (1909). 
s Pictet and Gams, Ber., 43, 23S4 (1910). 

5 Krabbe, Ber., 69 , 1569 (1936). 

' Krabbe, Bohli, and Schmidt, Ber., 71, 64 (193S). 

8 Krabbe, Eisenlohr, and Schone, Ber., 73, 656 (1940). 
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violet absorption studies indicate that the same sequence of steps is 
involved in the cyclization of hydroxyamides having activating groups 
on the benzene ring.*- 16 Experiments on the cyclization of various 
stereoisomeric . N-acyl-0-pheny 1-0-hydroxy isop ropylamines failed to re- 
veal any significant differences in the ease of ring closure between di- 
astcrcoisomcrs. 11 

A further extension of the Pictet-Gams modification, utilizing a 
mcthoxyethylamine (IV) rather than a hydroxyetliylamine, has been 
found equally useful, and the starting materials are available through 
OCHj 



It 

IV 

several efficient syntheses. 11 11 14 The choice between the two modifica- 
tions is probably best made according to the availability of the respective 
intermediates. 

An oxime capable of undergoing a Beckmann rearrangement 14 to 
an N-acyl-0-phenethyJamine (V) or an N-acylstyrylamine (VI) may be 



Ji 

VI 


•Gerendia and Varga, J. p raht. Chem , 119, 175 (1937). 

“ Varga and Fodor, J. prakt. Chem.. 150, 94 (193S). 
u Bruckner. Fodor, Kiss, and Kovics, J. Chem Soe . 1948, 885. 

» Mannich and Walthor, ^rcA. Pharm.. 465, 1 (1927). 
w Roecnmund, Nothnagel, and Riesenfeldt, Ber., 60, 392 (1927). 

14 Mannich and Falber, Arch rharm , 467, 601 (1929). 

“ Komatsu, Mem. Coll. Set. Kyoto Imp. Unit., 7. 147 (1924) [C. A., 18, 2126 (1924)] 
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used as the initial reactant of the Bischler-Napieralski reaction. 16 - 17 It 
is not necessary to isolate the amide, and the product is either an iso- 
quinoline or a dihydroisoquinoline, depending on the oxime used. 18 
No condensing agent is needed if the benzcnesulfonyl ester of the oxime 
(VII) is used, only gentle heating being required to effect the transforma- 
tion. 19 - 20 Very few isoquinolines have been prepared by the rearrange- 



OH 3 


meat and cj-clization of oximes; consequently the synthetic value of the 
method is undetermined. 

A less significant variation is the use of an amidine instead of the 
corresponding amide. Amidines have been converted in good yields 
to substituted phenanthridines. 20a - !tl! ’ 

Isoquinoline derivatives having a hydroxyl or an amino function in 
the 1 position may be obtained by replacing the starting amide with a 
substituted urethan 21 or urea. The urethan VIII has been converted 
to 1 -hydroxy-6, 7-methylenedioxy-3,4-dihydroisoquinoline (IX) in 42% 
yield, 22 but the yields in this type of reaction are generally lower. 
Similarly, 1-hydroxy -6, 7-dimethoxy-3,4-dihydroisoquinoline was pre- 



OCHg lx 

Yin 


15 Bamberger and Goldschmidt, Ber., 27, 1954 (1894). 

17 Burstin, Monalsh., 34, 1443 (1913). 

15 Kaufmann and Radosevic, Ber., 49, 675 (1916). 

13 Scheuing and Walach, Ger. pat. 576,532 [Frdl., 20, 719 (1933)]. 

20 Scheuing and TValach, Ger. pat. 579,227 ( Frdl . , 20, 722 (1933)]. 

Barber, Holt, and TVragg, Brit. pat. 631, 651 [C. A., 44, 5401 (1950)]. 

^Cymerman and Short, J. Chem. Soe., 1949, 703. The compounds are not listed in 
the tables. 

21 Spath and Dobrovrsky, Ber., 58, 1274 (1925). 

22 Dey and Parikshit, Proc. Nail. Inst. Sci. India, 11, 37 (1945). 
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pared in poor yield from homoveratiyl isocyanate. 53 Phenanthridone has 
been prepared in excellent yield from o-xenyl isocyanate.* 4 The substi- 
tuted urea X was cyclized in 70% yield to l-(m-toluino)-6,7-dimethoxy- 
3,4-dihydroisoquinolinc (XI) in a similar manner.* 5 N-IIomoveratryl- 
N -plienylthiourea could not be cyclized by lead oxide at S0° according 
to a method used for preparing carbodiimides. 53 ' 1 



x xi 


The Bischlcr-Nnpiernlski reaction is applicable to the synthesis of 
ring systems other than isoquinoline, such as phenanthridme, benzo- 
quinolizine, and 2-carboline. The fundamental reaction is the same, 
however, and the syntheses will be discussed as a group, with occasional 
notation of exceptions to the usual behavior. Although many examples 
of the Bischler-Napicralski reaction have been recorded, they arc not of 
sufficient variety to allow precise definition of the effects of various 
substituents upon the course of the reaction. The reaction has been 
seldom studied in itself but has been employed mainly as a convenient 
route to various classes of alkaloids and their synthetic analogs 

One novel use of the Bischler-Napicralski reaction is in the synthesis 
of phtholazincs by dehydration of bcnzaldehydc acyIhydrazoncs. ,,< *- m 
Verntrnldehyde benzoylhydrazone was dehydrated to l-phenyI-G,7-di~ 
mcthoxyphtlmlazine in 50% yield when heated with hydrogen chloride 
in amyl alcohol. 

Numerous less important methods of synthesizing isoquinoline deriva- 
tives will not be mentioned because they have been described in avail- 
able review articles 5154 and standard treatises. ,,, *‘ One new method, 

“ Mohunta and TUy. J. Chem. Soc., 1934, 1263. 

Ba Whaley and White, unpublished results. 

* Butler. J. Am. Chem. Soc., 71, 2578 (1049). 

**• Agjarwal. Darbari. and IUy, J. Chem. Soc . 1929, 1941. 

*** Aeearwal. Khera, and RAy, J Chem. Soc.. 1930, 2354. 

* Bergstrom, CAcm. Rees., S3, 217 (1944). 

* Manske, Chem. Rett.. 30, 143 (1912). 

* Hollins. The iSynlVltl of A'llrotfss Ring Compound*, Bcnn. tendon, 1924. pp. 308-311 

* Morton, The Chemistry of MsterocyeUc Compounds , McGraw-Hill, 19-16, p 301. 
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similar in principle to the aminoacetal synthesis, has appeared recently. 59 
It is discussed in Chapter 4. 


THE COURSE OF THE REACTION 

Direction of Ring Closure. Cj’dization of a ra-methoxy-v9-phenethyI- 
amide (XII) may be expected to lead to either a 6-methoxy- or an 
8-methoxy-3,4-dihydroisoquinoline, depending upon the direction of 
ring closure. When the position para to the methoxyl group is free it is 



invariably the point of closure leading to a 6-methoxyisoquinoline deriva- 
tive. This fact is the logical result of an electrophilic attack upon an 
aromatic ring by a carbonium ion (XIII), that ion being necessarily 
involved in an acid-catalyzed reaction.* The reported 30 preferential 



cyclization of the amide XIV to the 7,8-dimethoxvisoquinoline XV rather 
than the expected isomer XVI has been shown to be erroneous by oxida- 
tive degradation of the product to m-hemipinic acid (XVII). 51 

* See the discussion of the mechanism of the reaction in ref. 101, below. 

K Schlittler and Muller, Hdr. Chim. Acta, 31, 914 (194S). 
x Pfeiffer, Breitbach, and Scholl, J. pral.-t. Chcm., 154, 157 (1940). 

“ Bruckner, Fodor, Kovacs. and Kiss, J. Am. Chcm. Sac., 70, 2697 (194S). 
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Para orientation is not so pronounced with activation due to a carbeth- 
oxyamino group. 2-(p-Nitrobenzamido)-3’-carbethoxyaminobiphenyl 
yielded a mixture of the 6- and S-carbethoxyaminophenanthridines.** 
Cyclization may proceed ortho to the m-alkoxyl group of a /3-phenethyl- 
amide if the para position is blocked. N-A cetyl-2, 5-d imetho\y-/3- 
phenethylamine (XVIII) may thus be readily converted to 1-methyl- 
5,S-dimethoxy-3,4-dihydroisoquinoline. M If both available positions 
are activated to a similar degree a mixture of products is obtained, as 



XVIII 


in the eyclization of N-phenylacetylhomomyristicylamine to the 6,7- 
methylenedioxy-S-methoxy- (XIX) and 6-methoxy-7,S-methyIenedio\y- 
3,4-dihydroisoquinolines (XX).* 4 In an attempted synthesis of berber- 
ine, the fonnamide XXI was heated with phosphorus oxychloride, 
yielding the bromine-free compound XXII rather than the expected 
fcromodihydroberberine (XXIII). This result is remarkable as an 

“Caldwell and Writs. J. OVm. &*., 1949, 1SS. 

” and Shigshara. Ber.. 74. 459 (1941). 

14 Sriway, J. CKrm. Sac.. 97, 1 70S (1910). 
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Cyclisati.n of aundes to bens-, dib.ns- »d 
usually proceed in more ‘g,”“ d ” C “,° SplLH. Ifid either • 

arnidoethyl)naphthalene f^Sl^i^oline (XXTO 

S' By analogy reith results” of the PictetSpengler rescUon, * 
SI probable .tot the correct structure for the product ,s that shorn. 

:SXSpS/^^“Sl».c.«a.l. 

* Mayer and Schnedto. Ber.. 56, 1408 (1923). 
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in formula XXVI. Amides derived from 5-indanyIethylamine and 
6-tetrahydronaphthylethylaraine cyclize so as to place the polymethyl- 
ene ring in the 6,7-positions of the products, direction of ring closure 
being proved by oxidation of the products to pyroraellitic acid. 3 ® 



XXVI 


Position of the Double Bond Formed. Most Bischler-Napieralski 
reactions yield 3,4-dihydroisoquinolines; i.e., the double bond is formed 
between the carbonyl carbon atom and the nitrogen atom in the cyclo- 
dehydration. If the acyl derivative of a secondary amine is cyclized, 
the double bond may also appear in the 1,2 position even though this 
involves the formation of an ammonium salt. Thus, the amide XXVII 
may be cyclized in the usual way to 2-piperonyl-6,7-methylenedioxy- 
3,4-dihydroisoquinolinium chloride (XXVIII).” 



XXVII 



Cl~ 


XXV3II 

The presence of an active methylene group in the 1 position in com- 
pounds analogous to XXVIII allows the double bond to become e.xo- 

* Sclxultl Hid Arnold. J. An l Chen. Soe., 71. 1911 (!«!». 

* Milan «nd Robinson, J. Chen. Sec.. 1*17, 2G53. 
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cyclic in the free base, as in l-benzal-2-methyl-l,2,3,4-tetrahydroiso- 
quinoline (XXIX), which is yellow because of the extended conjugation. 
The colorless salt of the base has been shown to be quaternary. 40 Even 



XXIX 


without a substituent on the nitrogen atom, there is evidence for the 
existence of an exocyclic double bond in equilibrium with the normal 
endoeyclic form (XXX). 41 Ultraviolet absorption studies indicate that 
l-(a-picoIyl)-6,7-methylenedioxy-3,4-dihydroisoquinoline exists entirely 




xxx 


in the form with an exocyclic double bond, though its hydrochloride has 
the normal structure. 42 

Another instance of the shift of a double bond into conjugation be- 
tween two aromatic rings is found in the synthesis of dibenzoquinolizines 
from is -formyl- 1-benzyl- 1, 2,3, 4- tetrahydroisoquinolines. In these com- 
pounds the double bond appears in the 3,4 position of the isoquinoline 
ring. Thus, the formamide XXXI yields 5,6-dihvdro-SH-dibenzoIa,gJ- 
quinolizine (XXXII). 43 

43 Hamilton and Robinson, J. Chem . Soc., 109, 1029 (1916). 

a Koepfli and Perkin, J. Chem. Soc., 1928, 29S9. 

41 Bills and N oiler, J. Am. Chem. Soc., 70, 957 (1948). 

43 Chakravarti, Haworth, and Perkin, J. Chem. Soc., 1927, 2275. 
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xxsi 



XXXII 



Some investigators have preferred to express the structure 
compounds as pseudobases, tire hydrated form which w-i* j S °* SU ^‘ 
compound XXII (p. 82). *** to *P>Ct 

Side Reactions. The Bischlcr-Napieralski reaction usual! 
course unhindered by specific side reactions, though the ^ ^ lts 
cyclizing conditions may result in production of tars from ^ 
are not easily cyclized. Competing reactions which have b™'^ 3 " hicfl 
apply to exceptional amides and have never been su^e T* rCcort *°^ 
side reactions. »» 8 oil as general 

Treatment of N-formyI-0-phencthyIamine with phosDh 
yielded a small amount of 3,4-dihydroisoquinohne v T" 3 pcnt <Kidc 

aminomaiondiamide XXXIII.** No instance of a ' -| Oost ^ the 
js known. Smillar ^'-product 


. ?~™ c u.a Wo , 

‘kf Ba »W A 

In the cyclization of in- and p-nitrobenzoy] (J er j v 
0-phenethylamines, it was found that considerab^'^^actiia, 
corresponding nitrobenzonitriles were formed «- ! pr °P°rti- W 


formation of such substances may be attributed T ^ r ' pr ° l ^cts. < 

amides tn evelndehvdratinn and Inc °^6rpsitt.. 


°f the 
He 


amides to cyclodehydration and has recent] 
other unactivatcd amides ‘ Sa y enco Un ( ft e .°^ 

Unactivatcd 2-nitrohomoveratroyl- j 3-pj )enet , ™ 

found to undergo dehydration without cycliza •^* aD ^ nes hay 
which have been formulated as vinylideneamhj ? 

and as on acetylene derivative (XXX VI) £ 




M Docker. Kropp. never. and Becker. Ann , 395 
“ McCoubrey and Mat hi won. J. CW Soe . 19 «xJ; l 9 l 3 ). 
*** Hill and Holliday. American Chemical Soq'”^ 









8G 


ORGANIC REACTIONS 



CH; 

Brr^N/ ^CH; 


u 




N 




^OCH; 
OCH, 

XXXIV «.« 



HOCHa 
OCHj 


XXXV « 


C 

rS x ° : 

OCHj 

xxxvi« 


All attempts to cyclize N-acylphenacvlamines to the corresponding 
4(3H)-isoquinolones (XXXVII) have failed, the products obtained 
being oxazoles (XXXVIII). Certain investigators i0_M thought the 
products of this reaction to be the desired isoquinoline derivatives, but 
their nature was correctly interpreted by Robinson. 15 




xxxvm 



OCH; 

XXXTVil 


45 Kay and Pictet, J. Chem . Soe., 103, 947 (1913). 
c Spatb and Hromatka, Ber., 62, 325 (1929). 

°Kondo and Isbiwata, Ber., 64, 1533 (1931). 
a CalloTr, Gulland, and Haivorth. J. Chem. Soc., 1929, 1444. 
“Back, J. Am. Chem. Soc., 52, 3610 (1930). 

11 Buck. J. Chem. Soe., 1933, 740. 

-- Dey and Rajagopslan, Arch. Pharm., 277, 359 (1939). 
a Dey and Kajagopalan, Arch. Pharm., 277, 377 (1939). 

54 Dey and Rajagopalan. Current Sci., 13, 204 (1944). 

25 Young and Robinson, J. Chem. Soc., 1933, 275. 
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The Pictct-Gams modification docs not always run a smooth course 
if the hydroxyphenethylaminc is not activated by a meta alkoxyl group. 
The side reaction encountered is similar to that just discussed and results 
in formation of an oxazoline (XXXIX) instead of the intermediate 
vinylaraide.* It has been found desirable in such cases to carry out the 
first stop with a Grignard reagent, which docs not promote oxazoline 
formation. 



It 


In the cyclization of N-(o-carbomethoxyphenylacetyl)homopipcronyl- 
nminc there was obtained 2,3-mcthylenedioxy-5,6-dihydro-S-oxo-SH-di- 
bcnzo[a,ft]quinolizinc (XL) as well ns the expected 2,3-methylcncdioxy- 
5,6-dihydn>S-OKO-SH-<libenzola,<7](juinolizine (XLI). M It is probable 
that the starting material was a mixture of the two isomeric amides 
obtainable by cleaving the parent homophthalimide. 



XL. 

» Haworth, Perkin, and Pink, J. Chem. Soe- 1*7. 1709 (1925). 
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A number of secondary reactions have been encountered in which the 
isoquinoline ring first formed was immediately modified by further reac- 
tion of the 1 substituent. Typical secondary reactions involve 7-chloro- 
propj’l (XLII)/ 7 benzamidomethyl (XLIH), i7 and o-carbomethoxy- 




cr 


CHr— CH 2 




•cTN: 


— C S H S 


HC X 




benzyl (XLIY) u groups. Tlie last reaction does not always occur 
spontaneously, and the expected o-carbomethoxy benzyl derivative is 
then isolated/ 1 

Substituted l-benzyI-3.4-dihydroisoquino!ines have a characteristic 
tendency to undergo air oxidation to l-benzoyl-3.4-dihydroisoquinoline= 
(XLY) when in neutral or alkaline solution. The chance does not occur 
when dilute acidic solutions are exposed to air/’- It takes place rapidly 
in the presence ot alkali, and occasionally the oxidized product has been 
the only one isolated from a cyclization/ 5 It is surprising that more 
examples of the oxidation have not been reported. A more remarks?/!'’ 
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instance of oxidation by atmospheric oxygen is the simultaneous oxida- 
tion and dehydrogenation of l-(o-methylbenzyl)-3,4-dihydro-2-carboline 
(XLVI) to yobyrono (XLVI1) upon slow evaporation of an ethereal 
solution.* 1 These changes may be effected more rapidly by boiling the 



Xlvi xlvii 


dihydro compound with strong methanolic potassium hydroxide,** but 
fission of the molecule may also result from alkaline treatment at ele- 
vated temperatures.* 5 '* 4 

A somewhat similar reaction has been encountered in the cyclization 
of amides derived from phenylalanine and tryptophan, in which cyclo- 
dehydration was accompanied by decarboxylation and dehydrogena- 
tion.* 5 N-Formyltryptophan, when heated at 125° with phosphorus 
oxychloride and polyphosphoric acid, yielded 36% of the theoretically 
possible quantity of norliarman (XLVIII). The reaction could not be 



XLVJIf 


•i Julian, Karpel, Magnani, and Meyer. J. Am. Chem. Soe., 70, ISO (194S). 

“ Spath, Riedl, and Kubiciek, Monotth . 79, 72 (194$) (C. A., 42, 6S21 (1948)]. 
* Cfemo and Swan. J. Chem Soe., 1949, 4S7. 

« Huntress and Shaw, J. Org Chem , 13, 674 (194S). 

“Snyder and Werber. J. Am. Chem. Soe., 72, 2962 (1950). 
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effected by other condensing agents and apparently did not depend upon 
the presence of atmospheric oxygen. In an analogous reaction N-(£- 
phenethyl)c 3 r anoacetamide was cyclized, hydrolyzed, and decarboxy- 
lated by polyphosphoric acid at 170°, for min g l-methyl-3,4-dihj T dro- 
isoquinoline. Ra 

A further side reaction encountered with 3,4-dihydroisoquinolines is 
disproportionation at distillation temperatures to the corresponding 
isoquinolines and tetrahydroisoquinolines. 556 

FACTORS AFFECTING THE EASE OF CYCLIZATION 

Reactivity of the Aromatic Nucleus. The Bischler-Napieralski reac- 
tion embodies an electrophilic attack upon the benzenoid ring of the 
(3-phenethylamine and is dependent upon increased electron density at 
the position of ring closure. It is readily apparent that acyl derivatives 
of /3-phenethylamine would not be so easily cyclized as compounds in 
which there is a meta alkoxyl group, and that an electron-attracting group 
such as nitro would inhibit the reaction. Preparation of the 3,4-dihydro- 
isoquinoline XLIX 43 in 13% yield illustrates that the presence of an 
electron-attracting group does not prevent the reaction altogether. 



Cyclization in the phenanthridine series also affords compounds (L) 
containing a nitro group on the reacting ring. Inspection of Table I 
reveals the effects of various substituents upon the formation of phenan- 


3 



Leonard and Boyer. J. am. Chcm. See., 72, 29'0 (1950). 
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thridines. As would be expected, 7-nitro derivatives may be obtained 
with much less ease than the 3-nitro compounds, and amides with 
electron-releasing groups arc readily cyclizcd. The 7-nitro derivatives 
may be prepared in excellent yield by using a higher reaction tempera- 
ture. 

TABLE I 

Preparation of Substituted PiiEVAvrimiDiVEa 
(Phosphorus oxychloride was used as the condensing agent.) 

Temperature Yield 

Substituents °C. % Reference 

9-Methyl- 110 70 CG 

7-N'itro-9-methyh 110 4 C7 

7-Carbethoxyanu'no-&-methyl- 110 85 G8 

2.3.6.7- TetramethOTy-O-roethyl- 110 85 60 

9-(p-NY<ropfccnyf)- 1 10 65 CG 

3-Nitro-0»(p-nitrophenyl)- 110 61 70 

7-Nitro-9-{p-nitrophenyl)- 110 30 70 

3.7- Dinitro-9-(p-nitrophcnyl)- 110 0 71 

The effect of electron-releasing groups is even more obvious in tho 
synthesis of 3,4-dihydroisoquinohncs. Under identical conditions, the 
yield of l-methyl-3,4-dihydroisoquinoline (LI) » is only a fraction of 
that of l-methyl-6,7-methylenedio.xy-3,4-dihydroisoquinoline (LI I). 7 * 



Very little is known of the activating influence of groups other than 
alkoxyl, though l-methyl-6-bcnzamido-3,4-dihydroisoquinoline (LIII) 74 
and l-phenyI-G-03-benzamidoethyl)-3,4-dihydroisoquinoIine (LIV) 75 
have been prepared in good yield. 

M Morgan and Walla, J, Chfrn, Soc., 1931, 2447. 
n Petrow, J. Chrm. Soc., 1945, 18. 

" Walla. J. Chem. Soc., 1947, 67. 

“ Ritchie, J. Proc. Roy. Soc. N. S. Wales. 78, 134 (1945) [C. A.. 40. 876 (1949)J. 
w Morgan and Waits, J. Chtm. Soc., 1938, S$9 
n Morgan and Walls, Brit. pat. 520.273 [C. A.. 36, 495 (1942) J 
” Dey and Ramanathan, Proc. fiatl. Inst Sci. Indio, 9, I93 (1943). 

71 Dey and Govindachari, Proc. Nat I. Inst Sci. India, 6, 319 (1940). 

74 Fries and Bestian, Ann, 633, 72 (1937). 
n Leupin and Dahn, lids, CKim. Ada, 30, 1945 (1947). 
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r.nr 

diamide with participation of two benzene nuclei takes place in the 
formation of 5,10-di(o-cnrboxyphenyl)pyridol2 l 3,4 J 5-Z,Tn,fi]phenanthri- 
dine (LX)." 



LX 


Cyclization of /3-indolylethylamines to 2-carbolines generally proceeds 
with greater ease than cyclization of /3-phenethylamines. Treatment of 
N-phen3-lacetyl-j3-(3-indolyl)ethylamine (LXI) with phosphorus oxy- 
chloride afforded 90% of l-benzyl-3,4-dihydro-2-carboline,“ whereas 
the corresponding l-bcnzyl-3,4-dih)’droisoquinoline has been prepared 



LXI 


in 9% yield under comparable conditions.” 3,4-Benzo-2-carboline was 
obtained in 76% yield by treatment of the appropriate formamide with 

“Kfewlka and Stefee, CoUtdton Ctfehoalov. Cktm. Commun., 9. 29 (1937) [C. 3. 31, 
3909 (1937)1. 

“ Hahn and Imdewig, Btr., 87, 2031 (1934). 
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phosphorus oxychloride at 110°, 82 but It has not been found possible to 
prepare phenanthridine under such mild conditions. 

The preparation of 3,4-dihydro-2-carbolines may be facilitated in some 
measure by the presence of electron-releasing groups in the 6 position 
of the indole nucleus, as seen in Table II. The mechanism of activation 

TABLE II 

3,4-Dibydbo-2-cabbol.v>es 

(All reactions were run at 140° with phosphorus pentoxide as condensing agent.) 


Substituents 

Yield 

% 

Reference 

1-Methyl- 

56 

S3 

l-Methyl-O-methoxy- 

58 

84 

l-Methyl-7-metho.xy- 

78 

S3 

1-MethyI-S-methoxy- 

32 

84 


bj' a 6-alkoxyl group is illustrated by the accompanying figure, in which 
the path of electron shift is shown (LXII). 




Ring closure to the 3 position of indole has been obtained in the 
synthesis of 4,9-dimethyI-l,2-benzo-3-carboline (LXIII). 65 

Substituents in the Ethylamine Side Chain. The nature of the side 
chain of a (S-phenethykmine has a profound influence on the ease of 
cyclization of its acyl derivatives. In Tables III and IV are listed iso- 
quinolines and dihydroisoquinolines which are unsubstituted in the 
isocyclic ring and which were for the most part prepared under similar 
conditions. All the compounds listed in the two tables lack alkoxyl 
groups in the isocyclic ring and their formation is susceptive to adverse 
influences. The isoquinolines and dihydroisoquinolines having alkyl, 
aryl, or aralkyl groups in the 3 position have generally been obtained 
in lower yield than the derivatives uns ubstituted in that position. The 
yield among the isoquinolines was progressively less as the 3-alkyl group 

= Kertnack and Slate- J. Chtm. Soc., 1928, 32. 

** Spath and Lederer, Ber., 63, 120 (1930). 

H Spath and Lederer. Ber., 63, 2102 (1930). 

s Kermack and Smith. J. Chm. Soc., 1930, 1999. 
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TABLE III 


3,4-DmrDROISOQUOJQLIN'EB 



c«h 5 


Yield 

Substituents % Reference 

1-Phenyl- 25 72 

l-Fhenyi-3-methyl- 35 72 

1.3- Diphenyl- 0 72 

l-Phcnyl-3-bensyl- 11 72 

l-Phenyl-4-methyl- 45 72 

1.4- Diphcnyl- 53 72 


TABLE IV 


IsoqmxoLijfEs 

OH 



Substituents 

Condensing 

1-Phenyl- 

PjOj + POCl, 

l-Phenyl-3-methyl- 

PjOs + POC1* 

l-rhenyl-3-ethyI- 

P 2 0 5 + FOCI* 

l-PhenyJ-3-propyI- 

PjOfi -f POC2* 

l-Phenyl-3-butyl- 

P,O t + POCIa 

1 -FhenyI-3-hoxyl- 

P 2 0* + POCI3 

1,3-Diphenyl- 

Pj0 6 

l-Phenyl-4-methyL * 

PjOa 

l-Phenyl-4-ethyl- 

P*O s 

1,4-Diphenyl- 

PjOs 

l-Phenyl-3,4-dimethyI- 

PjOi + POCl* 

1 ,3,4-Triphenyl- 

PjOs 

im the Ktyxytaznlde. 




C 6 H 5 


Temper- 
ature Yield 

°C. % Reference 

140 91 86 

140 50 86 

140 26 86 

140 20 SO 

140 1 86 

140 0 86 

140 20 86 

110 93 8 

140 10 86 

110 SO 87 

140 0 86 

110 21 7 


** Whaley and llartung, J, Org. CKtm , 14, 650 (1949). 
B Krabbe, Cer. pat. 652.041 (Frdl, 84, 37S (1937)1. 
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increased in length, but an aryl group was not so inhibit ivc as an alkyl 
group of comparable size. 

Compounds having substituents in the 4 position have been prepared 
in generally better yield than those with corresponding groups in the 
3 position, but the data at hand are too meager to allow this statement 
to serve as a reliable basis for prediction. 

Activating alkoxvl groups on the ring of the phenethylamine counter- 
act to a considerable degree the inhibition arising from alkylation of the 
side chain. l f 3-Diphenyl-3,4-dihvdroisoquinoline was not obtained by 
heating the corresponding amide with phosphorus oxychloride, but 
l,3-diphenyl-6,7-methylenedioxy-3,4-dihydroisoquinoline was formed in 
28% yield under the same mild conditions. 73 

l-Phenyl-3-ethvl-3,4-dihydro-2-earboline (LX1V) lias been prepared 
in 80% yield, !! whereas 1 -phenyl-3 ,4-dihydro-2-carbolinc (LXV) was 
formed in only 36% yield under identical conditions, w constituting a 
reversal of the effects noted among isoquinolines. Side reactions that 



ch 2 

CHC,H 


2 U S 



LXIV 


txv 


occur when the ^-phenethylamine has a ^-hydroxyl or /3-ketonic function 
have ahead}' been discussed (pp. 86-87). 

Nature of the Acyl Residue. The influence of the acyl residue on the 
ease of cyclization is usually of a minor order; consequently the 1 substit- 
uent has been varied to a great extent. Nearly all aryl and aralkyl 
groups in the acid moiety' permit the reaction to proceed in excellent 
yield, but the yields tend to be somewhat less with alkyl groups under 
similar conditions (Table V). Under special conditions the l-alkyl-3,4- 
dihydroisoquinolines are available in good yields. 4 ’-* 5 

The synthesis of l-(o-nitrobenzyl)-3,4-dihydroisoquinolines presents a 
special difficulty. In the absence of nuclear activation the o-nitro- 
phenylacetamides have usually failed to yield 3,4-dihydroisoquino- 

® Snyder and Katz, J. Am. Chem. Soc 69, 3140 (1947). 

83 Spath* Berger, and Kuntara, Ber., 63, 134 (1930). 
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TABLE V 


3,4-DlltTDROISOQEIXOLl.VES 


(Phosphorus pentoxide was used os the condensing agent.) 


Substituents 


Temperature Yield 


Reference 


1-Methyl- 110 

1-FhenyI- 140 

1-Phenyl- 110 

1-BenzjI- 140 

1 -{o-N i t ropheny 1)- 140 

l-(o-Nitrobeniyl)- 140 

l-(2*Nitroveratryl)- 110 


35 2 

75 2 

S3 S6 

75 2 

73 00 

0 91, 46 

21 47 


lines, 49 '”* 41 -** although a single successful instance has been recorded. 4 ’ 
A large number of activated amides have been cyclizcd. Some workers 
believe that the cyclization can be effected only by phosphorus penta- 
chloride in chloroform at room temperature ; 94 others state that phos- 
phorus pentoxidc is a more general reagent and succeeds when 
phosphorus pcntachloride does not. 94 - 9 * 

In Table VI are listed various amides that could not be cyclized 

TABLE VI 


Amides That Could Not Be Cycliied 



Refer- 


Refer- 

N-(Substitu1cd-0-phenethyI)- 

ence 

N-(o-Xenyl)- 

ence 

Phthalimidoacetamide 

97 

Diehloroacetamide 

ICO 

Aminoacotamido 

97 

Trichloroaectamide 

100 

o-Benznmidoplienylglj oxamide 

92 

(3-Carbo’cypropionamjde 

101 

Sueeindiamidc 

98 

Glutardiamido 

101 

Triazoacetnmide 

97 

Acetoacetamide 

101 

P-rurylacrylamide 

99 

Crotonamide 

191 

P-Chloropropionamide 

57 

Oxamic Acid 

100 

2-Aminohomoveratraimde 

48 



w Rodionov and Yavorskaya, J. 

Gen. Chem 

US£R„ 13. 491 (1943) [C. A., 

38, 3285 


(1944)1. 

** Gadamer, Oberlin, and Schoeler, Arch. Pharm , 263, 81 (1925). 

"Gumma 1 . ffaworCA, tVrtfen, anrf CbHaer, S. CAem Abe, tftt, iMiSf. 

« Kondo, J. Pharm. Sot. Japan, 619, 429 (1925) [C. A , 20, 604 (1926)]. 

* Gulland and Haworth, J. Chem. Soe., 1928, 5S1. 

* Barger and Sehlrttler. Uth. Ckim. Acta. IS, 3SI (1932) 

** Splth and Ilromatka, Btr., 61, 1692 (192S). 

" Harwood and Johnson, J. Am. Chem. Soe., #5. 4178 (1933). 

" Child and Pyman, J. Chem. Sot., 1929, 2010 
» Harwood and Johnson, J. Am. Chem. Soe . 55, 2555 (1933). 

Iw Walls, J. Chem Soe., 1934, 104. 

>« Ritchie. J, Ptoc Ron. Soe. N. S. IT«fc«. 78. 147 (1945) IC. A., 40. 877 (1946)]. 
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to the corresponding dihydroi.-oquinohnes or phennnt Uridines. No 
reason has been suggested for most of the failures. Many other amides 
have not been cvclized, but they do not differ greatly from those that 
have been listcel here or dism-sed olscwh'To in the chapter. 

An interesting application of the Bi-chler-Xap:eni!:-I:i reaction utilizes 
lactams, pyridones, and other cyclic amides to produce substituted 
quinolizines. 'Hie reaction is generally effected with phosphorus oxy- 
chloride mid frequently affords excellent yields. 2-Homopiperonyl- 
G,7-dimethoxy-3,-l-dihydrubocarbostyrii (LX VI) in this fashion yields 
the dibenzoqtiinolizinium chloride LXVI 



lxvi ixvn 


EXPERIMENT AL CONDITIONS AND CONDENSING AGENTS 

The Bischler-Xapieralski reaction is usually conducted by heating the 
appropriate amide with a dehydrating agent in the presence of a ,-olvent. 
The solvents must be inert and anhydrous, and they may Ik? used to 
establish a moderate refluxing temperature or to provide a high reaction 
temperature. Solvents frequently encountered are chloroform, benzene, 
toluene, xylene, nitrobenzene, and tetrahn, selection being based on the 
refluxing temperature desired. C'yclizations conducted with phosphorus 
oxychloride often do not require additional solvent if an excess of the 
condensing agent is used. Phosphorus oxychloride has been the most 
commonly employed dehydrating agent, but phosphorus pentoxide has 
specific uses and various other agents have found occasional use. 

Phosphorus Oxychloride. Phosphorus oxychloride is a relatively mild 
dehydrating agent when employed at or near its own boiling point 
(107“). It is very useful for those cyclizations which proceed with ease 
owing to inherent or induced reactivity of the aromatic nucleus. Phos- 
phorus oxychloride has been employed almost exclusively - in the syn- 
thesis of phenanthri dines : when drastic dehydrating conditions were 
requireo nitrobenzene has been used as a solvent to provide reaction 


J. P'rjim. S& c. Jc jktj, 60, 0 (1940j [C. A.. 34. 


3747 0940 , 1 - 
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temperatures of approximately 180°. This modification has not been 
extended to other phases of the Bischler-Napieralski reaction. A low 
temperature of cyclization has been obtained by using phosphorus 
oxychloride in refluxing chloroform. 

Duration of the reaction is usually one-half to three hours, though 
longer periods are often employed in the preparation of phenanthridines. 

Phosphorus Pentoxide. Phosphorus pentoxidc has been used for 
many cyclizations which phosphorus oxychloride could not be expected 
to effect. It is a stronger dehydrating agent and is required for difficultly 
cyclized amides. However, it is less convenient than phosphorus oxy- 
chloride because of difficulties in handling the reagent and stirring the 
reaction mixture. Hence, several small runs may be more convenient 
and efficient than one large-scale dehydration. Toluene (110°) and 
xylene (140°) have usually been the solvents; the combination of phos- 
phorus pentoxide with boiling tetralin (205°) has provided the most 
drastic dehydrating conditions that have been found practicable. Cycli- 
zations requiring phosphorus pentoxide may be facilitated by the addi- 
tion of phosphorus oxychloride to the mixture. The reaction is usually 
complete in one-half to three hours. 

Phosphorus Pentachloride. Phosphorus pentachloride has found 
particular application to the synthesis of 3,4-dihydroisoquinoIines having 
a l-(o-nitrobcnzyl) substituent. Difficulties have been encountered in 
obtaining such derivatives by the action of phosphorus oxychloride or 
pentoxide, though some investigators have had success with those 
agents. The relative merits of phosphorus pentachloride and phos- 
phorus pentoxide in the synthesis of l-{o-nitrobenzyl)-3,4-dihydroiso- 
quinolines are still debatable; both agents enjoy considerable sup- 
port. 85 ' I03 ' n ' 104 Phosphorus pentachloride in chloroform at 25° has also 
been used in a few cyclizations of activated amides having no nitro 
group in the acyl residue, the reaction requiring from one day to a week 
for completion. Unpublished reports , “' IM indicate that this technique 
is of considerable general value and is frequently the method of choice. 

Other Agents. Dehydrating agents that have been tried but not 
generally used include aluminum chloride, 107 ' 108 thionyl chloride, 110 

Fait is, Wagner, and Adler, Bct., 77, 6S6 (1941). 

1M Schhttlcr, Ilelv. Chim. Ada, IS, 394 (1932) 

,0 * M. B. Moore, A, W. Weston, A. II. Sommers, H B Wright, M. It. Vernsten, It. J. 
Michaels, It. W. DeNet, M. Freifelder, and E. J. Matson, private communication 
,0 ' C. ScliBpf , private communication. 
lm Decker and Kropp, Bct., 42. 2075 (1909). 

Ebel, Oer. pat. 614,190 [FYtH . 22, 1120 (1935)] 

IM Avenarms and Pschorr, Bct., 62, 321 (1929). 

1W Gull and and Virdcn, J. Chem. Soc , 1929, 1791. 
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zinc chloride-acetic anhydride, 111 ' 113 zinc chloride, 113 alumina, 11 phos- 
phorus oxybromide, 114 and silicon tetrachloride. 115 ' 116 There seems to be 
little to recommend these less common reagents. Phosphorus oxybro- 
mide is useful for cyclizing bromonmides with which phosphorus oxy- 
chloride can effect halogen interchange. 57 ’ 114 Polyphosplioric acid has 
also been found to effect the Bischlcr-Napieralski reaction. It was an 
essential agent in the simultaneous cyclization, decarboxylation, and 
dehydrogenation of N-acyl-j3-aryl-a-nmino acids discussed on pp. S9-90/ 1 


EXPERIMENTAL PROCEDURES 

l-Methyl-3,4-dihydroisoquinoline. 85 (The use of phosphorus pent- 
oxide and tetralin to cyclize an unactivated amide.) A solution of 0.5 g. 
of N-aeetyl-(3-phenethylamine in 25 ml. of dry tetralin was boiled fifteen 
minutes with 3.8 g. of phosphorus pent oxide. After another 3.8 g. of 
phosphorus pentoxide was added the mixture was refluxed fifteen minutes 
longer. The tetralin was decanted; the residue was treated with water 
and steam-distilled to remove traces of tetralin. The cooled solution 
was made strongly alkaline and steam-distilled; the distillate was made 
alkaline and extracted with ether. Evaporation of the extract yielded 
0.37 g. (S3%) of base boiling at 130°/10 mm. The picrate melted at 
188-190°. 

l-(2,3-Dunethoxybenzyl)-6,7-dimethoxy-3,4-dihydroisoquinoline. n ' 
(The use of phosphorus pentoxide and toluene to cyclize an activated 
amide.) A solution of 4.2 g. of N-(2,3-dimelhoxyphenylncelyl)homo- 
veratrylamine in 100 ml. of refluxing, dry toluene was treated with 10 g. 
of phosphorus pentoxide in small portions during thirty minutes. After 
the mixture had refluxed another thirty minutes the toluene was de- 
canted and the sticky residue was dissolved in water and washed with 
ether. The aqueous solution was made alkaline and extracted with 
ether, evaporation of which yielded 3.55 g. (89%) of amorphous product. 
The picrate melted at 172-174°. 

l-Homoveratryl-6,7-dimethoxy-3,4^dihydroisoquinoline. lls (a) (The 
cyclization of an activated amide by phosphorus oxychloride and 

m Kermack, Perkin, and Robinson, J. Chem. Sac., 119, 1G02 (1921). 

m Leonard and Elderfield, J. Org. Chem., 7, 556 (1942). 

113 Pictet nnd Hubert, Ber., 29, 1182 (1S9G). 

u ‘ Rajagopalan, Proc. Indian Acad Sci., 14A, 126 (1941). 

115 Asta Akt.-Ges. Chem. Fabrik, Ger. pat. 614,703 [Frdl., 21, 6S8 (1934)]. 

“Koschara, Fr. pat. 760.S25 [C. A., 28, 4178 (1934)]; Brit. pat. 424,348 [C. A., 29 
4524 (1935)]. 

117 Spath and Mosettig, Ann., 433, 138 (1923). 

113 Sugasaira and Yoshikan-a. J. Chem. Soc., 1933, 15S3. 
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toluene.) A mixture of 15 g. of N-(3,4-dimethoxyhydrocinnamoyl)- 
homoveratiylamine, 80 ml. of dry toluene, and 60 g. of phosphorus 
oxychloride was refluxed for two hours The amide soon disappeared, 
and after some time a yellow, crystalline substance separated. It was 
collected, washed with petroleum ether, and dissolved in water. The 
filtered solution was made alkaline and extracted with ether. Evapora- 
tion of the ether yielded 13 g. (91%) of colorless needles, m.p. 96-97°. 

(6) (Preparation by the rearrangement and cyclization of an oxime.) 
A solution of 5 g. of bis(homoveratryl) ketoxime, 25 ml. of dry toluene, 
and 20 g. of phosphorus oxychloride was refluxed until hydrogen chloride 
was no longer evolved (two hours). Sufficient petroleum ether was 
added to produce a thick, brown precipitate, which was purified by 
the method recorded in the previous paragraph to yield 4 g. (85%) of 
the pure base. 

l-(o-Nitrobenzyl)-6,7-dimethoxy-3,4-dihydroisoquinoline." 9 (The use 
of phosphorus pentachloride to prepare an o-nitrobenzyl derivative.) A 
mixture of 4 g. of N-(o-nitrophcny!acctyl)homoveratrylamine, 5 g. of 
phosphorus pentachloride, and 30 ml. of chloroform was allowed to 
stand for twenty-four hours at room temperature. The solvent was 
evaporated under reduced pressure from the crystalline material which 
had separated ; the latter was extracted with boiling w-ater and filtered 
from traces of tar. The crude base was precipitated by addition of 
nmmonia. It was recrystallized from methanol as large prisms weighing 
3.5 g. (92%) and melting at 132°. 

l-Phenylisoquinoline. M (The cyclization of an unactivated hydroxy- 
amide by a mixture of phosphorus pentoxide and phosphorus oxychlo- 
ride.) One gram of N -be nzoy l-/3-hyd roxy-/3-phe nethylamine, 5 g. of 
phosphorus pentoxide, 10 g. of phosphorus oxychloride, and 25 ml. of 
dry xylene were refluxed for three hours. The excess condensing agents 
were cautiously decomposed with ice, the layers were separated, and the 
aqueous layer was made strongly alkaline with 20% sodium hydroxide. 
The benzene extract of the precipitated oil was dried over magnesium 
sulfate and treated with hydrogen chloride to yield 0.91 g. (91%) of 
crystalline hydrochloride melting at 233-236°. 

l,3-Dimethyl-6,7-dimethoxyisoquinoline. ,:!0 (The cyclization of an 
activated hydroxyamide by phosphorus oxychloride in chloroform.) A 
solution of 2.5 g. of N-acetyl-0-hydroxy-jS-(3,4-dimetho\yphenyI)iso- 
propylamine, 3 ml. of phosphorus oxychloride, and 20 ml. of chloroform 
was refluxed for three hours, then poured into hot water and made alka- 

“• Gullsnd and Haworth, J. Chrm. Soe.. 1923, 5S1. 

“ Bruckner, .Ann., 518, 228 (1935). 



102 


ORGANIC REACTIONS 


lino with 10% aqueous sodium hydroxide. The yellow base that pre- 
cipitated was collected and rccrystallized from ligroin to yield 1.05 g. 
(77%) of colorless needles melting at 121.5°. 

9-Ethylphenanthridine. c ' (The use of phosphorus oxychloride to 
cyclize an o-xenylamide.) Five grams of N-propionyl-o-xenyhiminc and 

10 g. of phosphorus oxychloride were heated gently in a dry atmosphere 
for one hour. Excess of phosphorus oxychloride was removed by dis- 
tillation under reduced pressure, and the residual gum was warmed with 
dilute hydrochloric acid. The acid solution was filtered and made 
alkaline with aqueous ammonia. An ethereal extract of the liberated 

011 was dried over sodium sulfate and evaporated. The residual base 
was crystallized from petroleum ether to yield 3.6 g. (80%) of colorless 
plates melting at 56.5°. 

7-Nitro-9-phenylphenantnridine. i;l (The use of phosphorus oxy- 
chloride in nitrobenzene to cyclize a p'-nitro-o-xenylamide.) A mixture 
of 15 g. of 2-benzamido-4'-nitrobiphenyl, 30 g. of phosphorus oxychlo- 
ride, and 45 g. of nitrobenzene was refluxed at 1S0° for twelve hours. 
The product was carefully stirred into water, and a salt of the desired 
base separated. When the salt was heated with aqueous alkali 14 g. 
(99%) of the base was liberated. After crystallization from pyridine 
the yellow needles melted at 237°. 

Sjll-Dimethoxy-SjG-dihydro-SH-dibenzojo^Jqumolizine. 1 - A solu- 
tion of 13 g. of N-formyl-l-(m-methoxybenzyI)-6-methoxy-l, 2,3,4- 
tetrahydroisoquinoline, 30 ml. of phosphorus oxychloride, and 50 ml. 
of dry toluene was boiled for one and a half hours. Dilution with petro- 
leum ether yielded a brown oil which was dissolved 5d ethanol, made 
alkaline with sodium hydroxide, and diluted with water. The free base 
separated as a yellow powder (8 g., 66%); it was recrystallized from 
ethanol as yellow prisms melting at 130°. 

2,3-Methylenediozy-ll,12-dimethoxy-5,6,8 ) 9-tetrahydrodibenzo[a,hJ- 
quinolizinium Iodide. 123 A solution of 2.2 g. of unpurified 2-homo- 
piperonyl-6,7-dimethoxy-3,4-dikydroisocarbostyril in 30 ml. of benzene 
was treated with 8 ml. of freshly distilled phosphorus oxychloride and 
heated for one hour on the steam bath. A large volume of petroleum 
ether was added, and after a while the supernatant liquid was decanted. 
An aqueous solution of the residue was decolorized with charcoal and 
treated with 5 g. of sodium iodide. After a few hours the precipitated 
quinolizinium iodide was collected (2.3 g., 80%) and recrystallized from 
ethanol as yellow needles melting at 188-189°. 

111 Walls, J. Chem. Soc., 1945, 294. 

122 Chakra varti, Haworth, and Perkin. J. Chem. Soc., 1927, 2265. 

123 Sugasawa and Kakemi, Ber., 72, 9SO (1939). 
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l-Benzy!-3,4-dihydro-2-carboline. 81 A mixture of 2.5 g. of N-phcnyl- 
acetyltryptamine, 5 ml. of phosphorus oxychloride, and 100 ml. of pure 
benzene was refluxed for one hour. The benzene was removed in 
vacuum; the residue was dissolved in dilute acetic acid, filtered, and 
treated with aqueous ammonia. The orange base that precipitated 
weighed 2.1 g. (90%). It was sensitive to atmospheric oxidation and 
was handled under carbon dioxide. The picrate melted at 225°. 


TABULAR SURVEY OF THE BISCHLER-NAPIERALSKI REACTION 


The following tables arc based on a literature survey embracing all 
available reports published before July, 1919. The compounds in the 
tables are listed in order of increasing substitution in the basic nucleus. 
Among compounds having the same number of substituents, precedence 
has been given those having a substituent at the point of ring closure 
(position 1 for isoquinolines and 2-carbolines, position 9 for phenanthri- 
dines). Compounds with a substituent at the point of cychzation have 
been arranged in order of increasing complexity of that substituent 
(alkyl, aryl, aralkyl, heterocyclic). 

Parenthetical notes, such as "(from oxime),” following the name of a 
compound refer to the starting material in a particular case, and not 
to the following lines. Data for more than one preparation of a single 
compound are listed in order of increasing yield. 

Nearly all patents were consulted in the original, though secondary 
references are given for the convenience of the reader. 

Note to Table VII. Compounds arising from cyclization of formamidcs 
of secondary amines have been considered as 1-hydroxy derivatives 
(LXVIII) by some investigators. These pscudobases are listed in the 



LXV1U 


table as 1,2-dihydro derivatives of the parent 3,4-dihydroisoquinoIine. 
Such compounds are frequently isolated as quaternary ammonium salts 
(LXIX). 

cn 4l 
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TABLE VII 

3 ( 4-DlHYDBOISOQnTK01IXES 


Substituents 


. Temper- y ld Refer- 

Condensing ature £Rcc 

Agent C p /0 


A . Unsubsliluled and monosubslituled 

None 


1 -Methyl- 


(from the cyanoaeetamide) 

1 -Chloromethyl- 

.-Ethoxymetbyl- 

1-Ethyl- 

1 -n-Propyl- 

1 -n-Butyl- 

1-(S-Phenethyl)carbamyl- 

1 -Cyclohexyl- 

1-Phenyl- 


l-(o-HydrarypVicnyl)- 

l-(j>-Methoxyphenyl)- 

l-(o-Nitrophenyl)- 

l-{m-Nitropbenyl)- 

l-(p-Nitrophenyl)- 


I h 

lyphosphoric 

icid 

Os 

Cl- 

Os 

)C 1 3 

ilyphosphoric 

acid 

:0s 

O5 + POCI3 I 

Os 

olypbosphoric 

acid 

:0 5 

2O5 

-Os 

' 2 0 5 

’ 5 Os 

’-Os 

>oci 3 

?-0s 

i'arious 

V 1 -O 3 

poci 3 

p-o 3 

PrOs 

PC 1 3 -b aict 3 
P;Os 

P;0 5 -T- poa 3 

P 0 C 1 3 

P& 

P-.Os 

Pc0 5 

|PtOi 

I P^Os 

i p=os 


60a 

99 

125 

89 

89 

89 

126, 44 

127, 12S. 
129 
1 
44 
86 

72, ISO 
89 

2, 655 


Good 

107 

83 

86 

100 

86 



130 

Poor 

105 

73 

90 

64 

90 

42 

45 

73 

131 

74 

45 
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TABLE VII — Conlinutd 


3,4-DlHTDROI«!OQCI.N01.INE8 


Substituents 

Condensing 

Agent 

V 

Yield 

Refer- 

l-(o-CnrboTyphonj 1). 

NaCI + AIClj 

150 

- 

108, 132, 
133, 131 

I - {2-Carboxy-4-e hloropheny 1 )- 

NaCI + AIClj 

ICO 

— 

103, 131, 
132, 133 

1 -Benzyl- 

POCT, 

110 

0 

SO 


roci, 

no 

— 

135 


r,o 4 

140 

— 

43 


rocu 

110 

9 

72 


riO» 

205 

54 

13G 


r s o» 

205 

65 

89 


r,o, 

205 

Good 

137 


r*O t 

140 

75 

2,05b 


r,o, 

140 

80 

80 


r,o, 

205 

84 

04 


rcu + aicu 

— 

80 

44 

1 -(p-Metho^y benzyl)- 

POCI, 

110 

51 

48 

1-Veratrjl- 

roci, 

140 

— 

93 

l-(2-Ajninovcrntryl)- 

— 

— 

Trace 

43 

l-(2-AcctnmiriovemtryI)- 

— 

— 

Trace 

4S 

1 -(2-N itrovera try 1)- 

Various 

— 

0 

93 


r,o, 

110 

O 

40 


rcu 

— 

0 

92 


P 3 O 4 

140 

11 

47 


r s o. 

110 

21 

47 

4-Methyl- 

PjO, 

— 

37 

89 

5-Methyl- 

FzCU 

— 

34 

89 

6 -MethoTy- 

POCI, 

100 

— 

no 

C-Ktho'cy- 
B. Diaubstiluled 

POCU 

no 


138 

1 -I Iy d rozy- 2 -me thy 1 - 1 , 2 -dihydro- 

SOCI, 

no 

0 

no 


SOC1, 

no 

— 

109 

1,3-Dimethyl- 

p 2 0 , 

no 

— 

139 


POCls 

no 

48 

72 

j-3 fef fi y j-S- be nzyi- 

roch 

no 

38 

72 

1,4-Dimethyl- 

POCU 

110 

31 

72 


— 

— 

81 

89 

l-Methyl-4-aminomethyl- 

p s o 6 

no 

40 

79 

1-Methy 1-4-phenyl- 

POCU 

110 

30 


1,5-Dimethyl- 

— 

— J" 



1-Methyl-S-metho'cy- 

POCU 

110 * nj 

105 
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TABLE VII — Continued 

3,-4-Dmvmto!POQn:;ouKr.5 


Substituents 


Condensing 

Agent 


Temper- | 
j aturc 

'C. 


l-Methyl-O-bcnzyloxy- 

1 -Methyl-O-benznmido- 

l-Methyl-7-isopropyl- 

l-Methyl-7-methoxy- 


1-Chloromcthyl-G-methoxy- 


l-Phenyl-3-metbyl- 


l-Phenyl-3-bcnzyl- 

l-Phcnyl-4-methyl- 

l-PhenyM-benzamidomethyl- 

1,4-Diphenyl- 

l-Phenyl-5-(3-benzamidoethyl)- 
l-Phenyl-7-(0-benzamidoethyl)- 
l-Phenyl-7-nit ro- 
l-(p-Mctbosypbenyl)-3-methyl- 
l-(j>-Chlorophenyl)-5-chlon>- 

l-(m-Nitrophenyl)-7-mtro- 

l-(p-Nitropbenyl)-7-nitro- 

l-(o-Carboxyphenyl)-7-chloro- 


PCU 
P*Os 
P;Os 
I P:0 5 
P;Os 
POClj 
POClj 
POClj 
P;O s 

P;Os + POClj 

POClj 

POCI 3 

POClj 

PjOj 

P-Os 

POClj 

P»Os 

POClj 

POCI 3 

P;Os 

POClj 

P;Os 

PjOs 

PjOj 

POClj + A1CL 
NaCl + AlClj 


1- (3,4,5-Trimethoxyphe nyl>- 
6-propoxy- 

l-(3,4,5-Trimethoxyphenyl)- 

6-isoproposy- 

l-Benzyl-2-methyl- (quaternary 
phosphate) 
l-Benzyl-3-methyl- 
1,3-Dibenzyl- 
l-Benzyl-4-methyl- 
l-Benzyl-A-pbenyl- 
l-(m-Methoxybenzyl)-0-inethory- 
l-(p-Metboxj'benzyl)-&-methoxy- 


110 

45 

110 

92 

110 

74 

110 

53 1 

110 

09 

125 

62 

120 

1 82 

210 

1.9 

205 

30 

210 

2.1 

210 

13 

210 

6.3 

180 

— 


PCls 

25 

— 

FCls 

25 

— 

P*Os 

140 

— 

POClj 

110 

45 

POClj 

110 

22 

POClj 

110 

38 

POClj 

110 

9 

POClj 

100 

80 

POClj 

100 


POClj 

100 

SO 


105 

74 

105 

105 

105 

105 

140 

57 

80 

86 

72, 130 
72 
72 
86 
79 
72 
6 

75 

75 

45 

130 

45, 141 
45 

45, 141 
45 

10S, 132, 
133, 134 
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TABLE VII — Continufd 


3,4-Diiitdroisoqcinolines 


Substituents 

Condensing 

Temper- 

ature 

•c. 

Yield 

Refer- 

l-(p-Methox) bcntyt)-&-bcmyloxy- 
1 -(3-Bcniy lo xy-l-met hoxy- 

pa, 

25 

- 

4S 

bentylHV-licniylo’cy' 

PCI, 

25 

SS 

145 

l-(2-NitroxcrntryI)-6-methoxy- 

PCI, 

25 

— 

140 

l-(2-Nitroveratryl)-0-bcniyloxy- i 
l-(p-Methoxyben2oy])- 

PCI, 

— 

100 

48 

G-methoxy- * 

roci, 

100 

74 

GO 

3,4-DimelhyU 

r, 0 , 

205 

— 

147 

5,6-Dimethoxy- 

roci, 

110 

55 

148 

6,7-Methylenedioxy- 


— 

— 

149, 44 


ra, 

100 

— 

150, 12G 


roci, 

100 

Good 

150, 12G 


r,o« 

110 

Cl 

151 


roci, 

no 

CC 

73 

G,7-Dimethoxy- 

roci, 

— 

— 

152 


P,0, 

no 

00 

153 


r,o, 

no 

72 

151 

6-Metboxy-7-ethoxy- 

r,o. 

no 

52-59 

154, 21 


roci. 

no 

87 

155 

G-Ethoxy-7-methoxy- 

P,0, 

140 

42-74 

154, 21 

6-Me f Jx>xy-7-benzy!oT>’- 

r,o. 

no 

— 

154 

(also some of the 7-hydroxy 
compound) 

C, Triiubstitutrd 

l-IIydroxy-G,7-methy1encdioxy- 

roci, 

no 

24 

243 

(from urethan) 

roci, 

140 

3 

21 

l-Hydroxy-5,C-dimethoxy- (from 

roci. 

100 

42 

22 

urethan) 

l-IIydroxy-G,7-dimetlioxy- (from 

r,o, 


17 

15G 

isocyanate) 

POCl, 

no 

Poor 

23 

1 -I Jydroxy-6-met ho.xy-7-et ho.xy- 

roci. 

140 

~~ 

21 

(from urethan) 

l-Hydroxy-G-ethoxy-7-methoxy- 

POCl, + F»0, 

140 

14 

21 

(from urethan) 

1 - Anilmo-6, 7-dime tho.xy- (from 

roci, + p»o. 


20 


urea) 

POCl, 

no 

— 

23 


• Thu product woe apparently formed by an oxidation of the expected benxjl derivative duhng 
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TABLE VII — Continued 


3,4-Dihtdkoiboquinoltn'ks 


Substituents 

Condensing 

Agent 

H 

Yield 

% 

Refer- 

ence 

l-p-Phenetidino-6,7-dimethoxy- 





(from urea) 

POCI 3 

no 

Good 

23 

l-o-Toluino-6,7-dimethoxy- (from 





urea) 

POClj 

110 

Poor 

23 

l-m-Totuino-6,7-dimethoxy- 





(from urea) 

POCl 3 

110 

70 

23 

l-p-ToIuino-6,7-dimethoxy- 





(from urea) 

POClj 

no 

I 

23 

l-(N-Methylanilino)-6,7- 





dimethoxy- (from urea) 

POCI 3 

no 

— 

23 

l-Methyl-5,6-dimethoxv- 

POClj 

110 

SI 

157 

l-Methyl-5-butoxy-6-methoxv- 

PC1 5 

45 

25 

105 

l-Methyl-5,8-dimethoxy- 

POCI 3 


82 

33 

I-Methyl-6-hvdroxy-7-methoxy- * 

P 2 O 5 

— 

>10 

15S 

l-Methy)-6-roetboxy-7-hydroxy- * 

P:0 5 

— 

>30 

158 

l-Methyl-6, 7-methylene dioxy- 

P 2 0 6 

110 

— 

159 


— 

— 

— 

44 

(from oxime) 

P:0 5 

no 

— 

18 


POCI 3 

— 

>39 

160 

(from oxime) 

P0C1, 

no 

60 

161 


POCI 3 

no 

78 

42 


P 2 O 5 

no 

86 

151 


POOL 

no 

92 

73 

l-Methyl-6, 7-dimethoxy- (from 





oxime) 

P 2 O 5 

no 

— 

18 


POC1, 

no 

72 

162 


P 2 O 5 

no 

89 

163,164, 

l-Methyl-6-methoxy-7-butoxy- 

PC1 S 

to 

57 

165, 151 
105 

l-Methyl-6-methoxv-7-hexyIoxy- 

pci 5 

45 

64 

105 

l-Methyl-6-metboxy-7-benzyl- 

PC1 5 

40 

46 

105 

OXV- 

POCl 3 

60 

50 

20 

(from the benzenesulfonyl 





derivative of the oxime) 

— 

140 

70 

20 

l-Methyl-6, 7-diethoxy- 

pci 5 

50 

74 

105 

l-Methyl-6-ethoxy-7-butoxy- 

PC1 5 

45 

77 

105 

l-Methyl-6-ethoxy-7-benzyloxy- 

PC1 5 

47 

75 

105 

l-Methyl-6, 7-dipropoxv- 

pcis 

50 

53 

105 

l-Methyl-6/7-diisopropoxy- 

pci 5 

45 

74 

105 

1-Me thyl-6, 7-dibutoxy- 

PCls 

45 

4.6 

105 

l-MetbyI-G-butoxy-7 -methoxy- 

PC1 5 

45 

82 

105 


* Tie startins amide waa the corresponding O-fcemyl ether. 
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Substituents 

Condensing 

Agent 

Temper- 

ature 

•c. 

Yield 

Refer- 

ence 

l-MethyV-C-betuyloxy- 

7-methoxy- 

rci* 

45 



I- Mel hyl-G-beiuy loxy-7-ethoxy- 

PC1» 

45 



I -Chloromct hyH3,7-mc tbyf- 
cnedioxy- 

rocij 



82 



P0CI| 

100 


ICO 

HO. 57 
140. 57 
140. 57 

I -Chloromc t hy l-G,7-d imo t hoxy- 
(also from a-bromoacctamide) 

POClj 

no 


l-Rromomethyl-6,7-dimethoxy- 

p,o» 

no 

70 

1-Cyanomcthj 1-6,7-dimcthoxy- 

POClj 

no 

40 

l-Rthyl-6,7-mclhyle ncdioxy- 

POCU 

— 

M 


p>o, 

no 



l-Ethyl-C,7-dimethory- 

POCtj 

— 

CG 



F.O» 

no 

04 


1 -(<*-Chloroo t hyl )-6, 7-mot hyle ne- 
dioxy- (from the lactamide) 

rocii 

_ 

20 


l-(<*-Chloroethyl>-G,7-dimethoxy- 
(from the lactamide) 

POClj 

_ 

20 


l-(0-Bromocthyl)-C,7-dimelhoxy- 

PODfj 

25 

18 


1 - Propy l-6,7-me t hy le ned ioxy- 

PjO, 

no 

— 


1 -Propy I-C,7-dimet h oxy- 

P»0» 

no 

03 


l-(ir-Chloropropyl)- 

6,7-dimethoxy- 

POClj 

no 

Poor 


1- (i-Chlorobutyl)-G, 7-dime thoxy- 
(from the bromoamide) 

POClj 

no 

_ 



POClj 

no 

03 


1-Pc ntad coy U6,7-dimet boxy- 

POClj 

no 

78 

ICG 

l-(l,2,2-Trimethyl-3-earboxy- 
cyclopentj l)-6,7-dimelhoxy- 

POClj 

no 

40 

167 

l-Cyclohexyl-6-methoxy- 

7-hydroxy- 

POClj 

60 

_ 

127, 128, 

1 -Cy clohexy 1-6,7-me thy lenedioxy - 

POClj 

no 

77 

129 

1 68, 169 

1 -Cyclohcxy 1-6,7-dimet hoxy- 

POClj 

CO 

— 

127, 128, 

l-Cyclohexyl-8,7-ethyIenedioxy- 

POClj 

CO 

_ 

129 

127, 128, 

1-Cyclohexylmethyl- 
6,7-methj lenedioxy- 

POClj 

no 

SO 

129 

170 



110 
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TABLE VII — Continued 


3,4-DmnmoisoQUJNouNEs 


Substituents 

Condensing 

Agent 

Temper- 

ature 

•c. 

Yield 

Refer- 

1 - (5-Xapbt hy 1 )-6,7-mct hy lene- 
dioxy- 

l-PM’henanthrylJ-GJ-inothylenc- 

roci, 

110 

Good 

ISO 

dioxy- 

POCI, 

110 

— 

181 

l-Benzyl-6,7-mcthylenedioxy- 

PiO» 

110 

— 

159 


rocu 

110 

— 

135 


— 

— 

— 

44, 182 


POCI, 

no 

— 

5G 


POC), 

no 

70 

42 


POCI, 

no 

82 

183 

l-BenzyI-C,{Wimethoxy- 
l-(p-Metlioxybenxyl)-0, 7-methyl- 

p,0. 

no 

85 

184 

encdioxy- 

POCI, 

no 

04 

183 

l-(p-Mctl>oxybenzxl)-G,7-dimeth- 

POCI, 

no 

— 

185, 186, 

oxy- 




182 

l-(o-Nitrobcniyl)-0,7-methylcne- 





dioxy- 

PCI, 

25 

30 



POCJ, 

25 

51 

176 


roci, 

25 

70 

188 

l-(o-Nitrobeiuyl)-C,7-dimcthoxy- 

I’,0, or roci, | 

— j 

0 i 

94 


PCI, 

25 | 

02 | 

94 

l-(m-Nitrolx-nzyl)-C,7-metltylene- 

dioxy- 

l-fp-Xit robe nzyl)-G, 7-tnethylene- 

POCI, 

100 

93 

176 

dioxy- 

l-(2, 3-D) methoxy benzyl )-5,6-d i- 

POCI, 

no 

85 


methoxy- 

POC), 

140 

>80 


l-(2,3-Dimethoxybenzyl)- 
C,7-met hy le nedioxy- 
I - (2,3- Dime thoxy be nzy 1)- 

POCI, 

100 

80 

189 

C,7-dimethoxy- 

POCI, 


— 


P,Os 

no 

89 


1 -Pipcrony l-6,7-met hy lened ioxy- 

POCI, 

no 

— 

190 


POCI, 


— 






44, 192 


POCI, 

110 

>76 

193 

1 -Pipe ronyl-6,7-di me thoxy- 

POCI, 

no 

Good 

194 

p,o, 

140 

30 

195 


POC!, 

no 

>80 

195 

1 -Pipe rony 1-6-met hoxy -7-ethoxy- 

POC!, 

110 

Good 

196 

l-Piperonyl-C-ethoxy-7-methoxy- 

POCI, 






no 


ORGANIC REACTION'S 


TABLE VU-Con'ini;/--* 




SubMitucnt* 

C<i!id>Ti>:ns; 

A yen*. 

Temp* !’- i 

liUlTf j 

, 

Yi-M 

C' 

c 

JWfT- 

f 1 ! \r* 

l-Phcnyl-C I 7-rorthyIcn«‘dio\y- 

p ; o. 

i 

no ; 

— 

130 

44 


POClj 

no j 

32 

171 


rocij 

1(V) ! 

73 

73 

l-Phcnyl-C,7-dirocthoxy- 

POCI, 

100 | 

— 

172 

POClj 


Ci'*vl 

173 


POClj 

1 10 ! 

70 

171 


POClj 

no 

R5 

174 

l-(p-Metboxyphenyl)- 




1 75, 1*1 

6,7-dimcthory- 

roc!; 

no 

05 

l-(o-'NHropbf'nyl)-G,7-Tnethybnc- 





dioxy- 

POClj 

no 

S2 

170 

l-(o-Xitropbenyl)-0,7-climetlioxy- 

POClj 

no 

» 

114 

l-(rri-NHrophcnyl)-C.,7-rncthyl- 

enodioxy- 

POClj 

no 

no 

170 

l-(j>-Nilropbeny!)-3,4-dimettiyI- 

I P:Oj 

no 

32 

| 45 

l-(p-N'i:roptjonyl)-C,7-met!iy!- 





onedioxy- 

POClj 

no 

to 

| 170 

I-(p-NUrophenyl)-0,7-dimcthoxy- 

POClj 

no 

05 

I 177 

l-(o-Carboxyphenyl)-G, 7-mcthyl- 





cnedioxy- 

PCL 

CO 

IS 

' 107 

l-(3,4-Mcthylcnedioxypbenyl)- 





6,7-methyIcnedioxy- 

— 

— i 

— 

I7S 

l-(3,4-Dirncthoxyphcnyl)- 


1 



G, 7-dime thoxy- 

— 


— 

17S 

l-(3,4-Diethoxyphenyl)- 





6,7-dieihoxv- 

— 



— 

17S 

l-(3,4,5-Trimetboxypbenyl)- 

0,7-metbylenedioxy- 

POCI, 

no 

00 

17S*i, 

17S5 

l-(3,4,5-Trimethoxypbenyl)- 





0,7-dimetboxy- 

— 

— 

— 

17S 

l-(3,4,5-Trimetboxypbenyl)- 





6,7-dietboxy- 

poci- 

no 

42 

174 


POCI, 

so 

S7 

178 

l-(3,4,5-Trimetboxypbenyl)- 





6-propoxy-7-methoxy- 

PClj 

25 

33 

142, 179 

l-(3,4,5-TriethoxyphenyI)- 





6,7-diethoxy- 

— 





178 

l-(cz-Xapbtbyl)-6,7-methylene- 





dioxy- 

POClj 

no 

Good 

ISO 
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TABLE VII — Continual 


3 ,4 -D inrDROisoQUisous E3 


Substituents 

Condensing 

Agent 

Temper- 

ature 

•a 

Yield 

% 

Refer- 

l-£/J-N#phthyl)-G,7-rnethylcne- 

dioxy- 

l«(9-Phenanthryl)-C p 7-inethy]ene- 

rocu 

no 

Good 

180 

dioxy- 

rocij 

no 

— 

181 

1 -Beniyl-G,7-methylenedioxy- 

PjOj 

no 

— 

159 


rocu 

no 

— 

135 


— 

— 

— 

44, 182 


rocu 

no 

— 

50 


rocu 

110 

70 

42 


rocu 

110 

82 

183 

l-Benzyl-G,S-diracthoxy- 
l-(p-Metho\ybeiuyl)-6, 7-methyl- 

r*o* 

140 

85 

184 

cncdloxy- 

POCU 

110 

94 

183 

l-(p'Metbo'tylx*niy)>-C,7-iJimetb- 

rocu 

no 

— 

185, 186. 

oxy- 

I-(o-Nitrobeiuyl)-G,7-methylene- 1 




182 

dioxy- 

rci* 

25 , 

39 

187 


POCU 

25 

51 

176 


rocu 

| 25 

79 

188 

Mo-NitrobenzyD-G.r-dimethoxy- 

IVUorrOCL 



94 


rci 5 

25 

92 1 

94 

l-(m-Nitrobenzyl)-G.7-methylene- 

dioxy- 

1 - (p-N it roben zy l)-6,7-mc t hy lene- 

rocu 

100 

93 

170 

dioxy- 

I-(2,3-Dimethoxybcnzyl)-5,G-di- 

rocu 

110 

85 

176 

methoxy* 

rocu 

140 

>80 

62 

l-(2,3-Dimethoxybcnzyl)- 
6,7-niethyIeneiiioxy- 
l-(2,3-Dimcthoxy benzyl)- 

POCU 

100 

80 

ISO 

6,7-dimethoxy- 

rocu 

100 

— 

189 


P»0 4 

110 

89 

117 

1 -Pipe rony 1-6,7-mo thy lenedioxy- 

POCU 

no 

— 

190 


rocu 

no 

— 

191 


— 

— 

- 

44, 192 


POCU 

no 

>7C 

193 

l-Piperonyl-6,7-dimethoxy- 

POCU 

no 

Good 

194 


PaO & 

140 

30 

195 


POCU 

no 

>80 

195 

1 -Pi peronyl-6-rnet ho\y-7-e thoxy- 

POCU 

no 

Good 

196 

I-PiporonyJ-6-e<hc>xy-7-rnetlioxy- 

POCU 

no 

"" 

197 
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ORGANIC REACTIONS 


TABLE VII — Continued 


3,4-Dihydroisoqct.vou.ves 


Substituents 

Condensing 

Agent 

Temper- 

ature 

°C. 

Yield 

% 

Refer- 

ence 

l-Piperonyl-6,7-dibenzyloxy- 

PCls 

25 

70 

198 

l-Veratryl-5,6-dimethoxy- 

PCls 

25 

— 

59 

1-V eratryl-6,7-methylenedioxy- 

PjOs 

— 

— 

199 


— 

— 

— 

93 


P 2 Os 

140 

Poor 

200 


P:0 S 

140 

35 

201,202 


POOL 

no 

75 

200 


POCI 3 

80 

>80 

136 


— 

— 

92 

203 

l-Veratryl-6,7-dimethoxy- 

POCl 3 

no 

_ 

58 


P 205 

140 


204, 3 


P 205 

no 

56 

205 


P 205 

140 

65 

205 


POCl 3 

110 

95 

206 


P0C1 3 

80 

100 

119 

l-(3,4-Diethoxybenzyl)-6,7-<li- 





ethoxy- 

poci 3 

80 

97 

206a 

1- (3-Benzy Ioxy-4-methoxy- 
benzyl)-6-benzyloxy-7- 





methoxy- 

pci 5 

25 

85 

207 

l-(3-Benzyloxy-4-methoxy- 





benzyl )-6,7-dibenzy loxy- 

pcis 

— 

68 

208 

6-Metboxy-3,4-bis[(6,7-dimeth- 
oxy-3,4-dihydroisoquinolyI-l) 
methsdjdiphenyl ether 





(full name) 

CH,0 Xyl 

™ j O°w^ E 

PC1 5 

^OCH z 


68 

209 

l-(2-Nitro-3-methoxy benzyl)- 





6,7-methvlenedioxy- 

PCls 

25 

65 

95 

l-(2-Xitro-4-methoxy benzyl)- 





6,7-methylenedioxy- 

P 2 Os 

no 

55 

103 


P:Os 

no 

59 

104 


PCls 

25 

68-75 

103 
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TABLE VII — Continued 


3,4-DllfTDROlSOQCIXOUSES 


Substituents 

Condensing 

Agent 

Temper- 

ature 

°C. 

Yield 

Refer- 

I-(2-Xitro4-met hoxy benzy I)- 
6,7-dimothoxy- 

P,0, 

no 

85 

210 

1 -(2-N i t ro-4-e t boxy benzy))- 
<3,7-dimethoxy- 

P,0, 

110 


211 

l-(2-Nilr»-5-methaxybcnzyl)- 

6,7-methylenedioxy- 

r«o s 

140 

34 

103 


PCI, 

25 

63 

212 


PC), 

45 

66 

103 


PCI, 

25 

70 

213 

l-(2-Nitro-5-benzyioxybenzy!)- 

6,7-methylenedioxy- 

pa. 

25 

80 

213 

3 -(3-Met bt>ty-+-earbe t ho\y- 

beniyl)-6,7-methyfenedioxy- 

POCT, 

110 

_ 

135 

1 - (3-Ca rbet hoxyo xy-4-mcth- 
oxybenzyl)-G,7-diraethoxy- 

PjO* 

110 

55 

214 

1 -{3,4 ,5-Tnme thoxy benzy 1)- 
6,7-dimethoxy- 

p s 0, 

no 

Good 

215 


PjO, 

110 

75 

216 

l-{6-Bromopiperony))-5,6-di- 

methoxy- 

POCI, 

110 

_ 

148 

l-(6-Bromoveratryl)-6,7-methyl- 

enedioxy- 

POCT, 

110 

_ 

35 

l-(2-Nitroveratryl)-5,6-dimeth- 

oxy- 

PCI, 

25 

58 

217 

l-(2-Nitroveratry])-G,7-methyl- 

enedioxy- 

p,o. 

no 

31-60 

218 


PC), 

25 

SO 

219 

l-(2-Nitrovcrat jy l)-6,7-dimeth- 
oxy- 

p,0. 

110 

72-03 

96 


PCI, 

25 

82 

220 

l-(2-Nitro-3-metho\y-4-benzyl- 
oxybenzyl)-C.7-dimet hoxy- 

PCI, 

25 

65 

221 

2 -(6-Nit rove rat ryl)-5, 6-dime th- 
oxy- 

PCS, 

25 

66 

217 

l-(3-M?tho\y-4-ethoxy-6-nitro- 
be nzyl)-C,7-dime thoxy- 

PiO, 

110 

46 

222 

1 -(3-Ethoxy-t-met hoxy-6-nitro- 
benzyJ)-6,7-dimethoxy- 

_ 


47 

222 

1 -(3-Ethoxy-l-methoxy-6-nitro- 
benzyl)-6-raethoxy-7-ethoxy- 

- 

- 

78 

223 
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TABLE VII — Continued 


3,4-DnnDP.oisoQUJxoLi>rEs 


Substituents 

Condensing 

Agent 

Temper- 

ature 

C C. 

Yield 

% 

Refer- 

ence 

l-(3-Ethoxy-4-methoxy-6-nitro- 

benzyl)-6-etboxy-7-methoxv- 



76 

223 

l-(3-Methoxy-4-benzvloxy-6-ni- 

trobenzyl)-6,7-dimethoxy- 

PC1 5 

25 



224 

l-(2-Nitro-3-methoxy-4-carbeth- 
oxyoxybenzyl)- 6,7 -dimethoxy- 

PC1 5 

25 



225 

l-[2-Nitro-3,4-bis(carbethoxyoxy)- 

benzyl}-6,7-dimethoxy- 

pci 5 

25 



225 

l-Veratroyl-5,6-dimethoxy- * 

POClj 

110 

88 

59 

l-(£-Phenethyl)-6,7-dimethoxy- 

POClj 

110 

83 

162 

l-Homopiperonj"l-6,7-metbylene- 

dioxy- 

PCls 

25 

t 33 

167 


POClj 

110 

73 

167 

l-Homopiperonyl-6,7-dimethoxy- 

PCIs 

25 

42 

167 

l-Homoveratryl-6,7-methy]ene- 

dioxy- 

POClj 

110 

53 

167 

l-HomoveratTyl-6,7-dimethoxy- 

— 

— 

— 

167 

(from oxime) 

POClj 

110 

85 

118 


pool 

110 

91 

226, 118 

l-(3,4-I)imethoxyst3'iyl)-6,7-di- 
methoxy- (from benzene- 
sulfonyl ester of oxime) 


140 


19 


P 2 0 5 

140 

— 

19 

l-(2-Carbometboxy-3,4-dimeth- 

oxy-cr-methylbeazy])-6,7-<li- 

metboxy- 

POClj 

110 

58 

41 

1 -Be nz ohyd ry 1-6,7-m e t hy 1 e n e- 
dioxy- 

POCIs 

11C 

93 

114 

l-(5-Indanylmethyl)-6,7-methyl- 

enedioxy- 

P"Os 

110 

37 

38 

l-(ct-NapbthyImethyl)-6,7-meth- 

ylenedioxy- 

POClj 

no 

Poor 

ISO 

l-(2-Furyl)-6,7-methylenedioxv- 

POClj 

— 

51 

181 

l-(2-F urylvinyl)-6,7-dimetboxy- 

POClj 

110 

80 

99 

l-(7-Methoxy~2-coumaronyl)- 
G,T-mei hylenedioxy- 

POClj 

no 

79 

181 


* product teas apparently formed by air oxidation of the expected benryl derivative durinc the 
alka l ine phase of the isolation- 
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TABLE VII — Continued 
3,4-Dihtdroisoqtjinolimess 


Substituents 

Condensing 

Agent 

Temper- 

°C. 

Yield 

% 

Refer- 

l-Opianyl-6,7-methylenedioxy- 

I-(l-Oxo-4-methoxy-5,<»-methyI- 

encdioxy-7-isobenzofuranyl- 

POC1, 

100 

>14 

227,228 

methyl)-6,7-dimethoxy- (?) 
l-(l-Oxo-4|5,6-trimethoxy-7*iso- 
benzofuranylmethyl)-6,7-di- 

POCIj 



229 

melhoxy- 

1- (3-Coumnriny I)-6, 7-methylene- 



— 

230 

dioxy- 

POCIj 

no 

74 

231 

l-{3-Coumarinyl)-6,7-dimethoxy- 
1 -(3-Coumarinylmethyl)- 

POCls 

no 

63 

231 

6,7-methy!enedioxy- 

l-(3-Coumarinylmethyl)-6,7-di- 

POCIj 

no 

— 

231 

metboxy- 

1 -(7-Methyl-l-coumariayl- 

POC1, 

no 

_ 

231 

methyl)-6,7-methy1enedioxy- 
l-(7-Met hyl-t-coumarinyl- 

POCls 

no 

69 

231 

methyl)-6,7-dimethoxy- 
a,oj-Bis(C,7-tnelhylonedioxy- 
3,4~d ihydroisoquinolyl- 1 )- 

POCIj 

| 110 

55 

231 

butane (full name) 
o,ti>-Bis(6,7-<Iimethoxy-3,4-di- 
hydroisoquinolyl-l)butane 

POCIj 


87 

98 

(full name) 

POCI, 

no 

80 

1GG 

<*,w-Bis(G > 7-diinetho'cy-3,4-di- 
hydroisoqufnolyl-I Jpenfane 

POCls 

110 

89 

98 

(full name) 

POCIj 

— 

83 

98 

a,<^-Bi3(6,7-dimethaxy-3,4-di- 
hy droisoquinoly 1- 1 )he\ane 

POCIj 

no 

05 

160 

(full name) 

o,oj-Btj(6,7-d!methoTy-3,4-di- 
hydroi-soquinoly l-l)heptane 

POO, 


94 

160 

(full name) 

a,w-Bis(6,7-dimethoxy-3,4-di- 
hydro-1 -isoquinoly 1)- 

POCIj 



166 

4-heptanone (full name) 

POCIj 


36 
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ORGANIC REACTIONS 


TABLE VII — Continued 


3,-1-DitrvDitQiFOQUiN'or.t nes 


Substituents 

Condensing 

Agent 

Temper- 

ature 

C C. 

Yield 

% 

Refer- 

ence 

a,io-Bis(0,7-dimethoxy-3,4-di- 

hydroisoquino)yl-l)octnne 




ICO 

(full name) 

POCi, 

110 

43 


POClj 

— 

85 

OS 

l-Phthalimidomcthyl-6,7-dimcth- 





oxy- 

POClj 

110 

87 

97 

l-(N-Mcthylpiperidyl-2)-6,7-di- 




233 

methoxy- 

POCI, 

110 

— 

l-(2-Pyridyl)-6,7-dLmcthoxy- 

POClj 

no 

42 

234 

l-(2-Picolyl)-0,7-methylenedioxy- 

POClj 

110 

53 

235 


POClj 

no 

62 

42 

l-(2-Quinolyl)-G, 7-methylene- 




233, 179 

dioxy- 

POClj 

no 

— 


POClj 

no 

74 

230, 237 

l-(4-Quinolyl)-6,7-mcthylene- 





dioxy- 

POClj 

no 

93 

238 

1- (6-Quinolyl)-6,7-metliylene- 





dioxy- 

POClj 

no 

99 

239 

l-(8-Quinolyl)-6,7-methylene- 





dioxy- 

POClj 

no 

95 

239 

l-(2-Methyl-4-quinolyl)- 





6,7-methylenedioxy- 

POClj 

no 

85 

236, 237 

l-(2-Phenyl-4-quinolyl)-6,7-meth- 





ylenedioxy- 

POClj 

110 

85 

236, 237 

l-(6-Methoxy-4-quinolyl)- 





6,7-methylenedioxy- 

POClj 

no 

90 , 

238 

2-Methyl-6,7-methylenedioxy- 



i 


(chloride) 

socij 

so 

100 

240, 241 

2-Methyl-6,7-dimethoxy- 





(chloride) 

SOClj 

80 

92-100 

240, 241 

2-Ethyl-6,7-niethylenedioxy- 




(chloride) 

SOCIj 

80 

— 

241 

2-Piperonyl-6,7-methylenedioxy- 





(chloride) 

POClj 

100 

88 

39 

3~Methyl-6,7-methyIenedioxy- 

PjOa 

140 

— 

242 


POClj 

no 

Good 

243 

3-Methyl-6,' 7-dime thoxy- 

poci 3 

110 

Good 

243 

3-Methyl-G-methoxy-7-benzyloxy 

- PC1 5 

60 



105 

3-Methyl-6-me th oxy-7 -benzoyl oxy 

- POClj 

60 

22 

244 

3-Veratryl-6,7-dimethoxy- 

POCI, 

140 

Good 

245 


POClj 

100 

95 

246 
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TABLE VII — Continued 


3,4-DlHTDR01S0QtHN0LINi:S 


Substituents 

Condensing 

Agent 

Temper- 

ature 

"C. 

' Yield 
% 

Refer- 

ence 

6,7-Methylencdioxy-S-roethoxy- 

poa. 

110 



6,7-Dimetboxy-S-brocno- 
D. Tttra- and penfa-subtlilu/ed 


— 

- 

248 

l-IIydroxy-2-met by 1-6, 7-me t by ]- 
enedioxy-1 , 2 -dihydro- 
l-Hydroxy-2-ethyI-0, 7-methyl- 

p*0. 

so 


249, 247. 
250, 251 

enedro.xy- 1 , 2-diby dr»- 

PrO, 

so 

— 

249 

1 -Hydroxy-6,7,8 - 1 rimet boxy- 

POClj 

so 

— 

247 

(from urcth&n) 

PsO, + POCS, 

140 

10 

252 

(from isocyanate) 

1 ,3-Dimethy I-6-methoxy- 

PjO, + POClj 

140 

19 

252 

7-aoetoxy- 

1 ,3-Dimethy 1-6-methoxy- 

poa, 

110 

56 

253 

7-butoxy- 

1,3-Dimethyl-O-mettioxy- 

PCI, 

50 

62 

105 

7-beruyloxy- 

l,3-Dimethyl-6-bePryfoTy- 

pa. 

| 50 

6S 

105 

7-raethoxy- 

l-Methyl-3-phenyl-6, 7-methyl- 

pa, 

50 , 

59 

1 105 

enedioxy- 

l,4-Dimetby}-6-metbory- 

FOCI* 

110 

60 

72 

7-beiuyloxy- 

l-Metbyl-6-methoxy.7,S-methyl- 

rcu 

50 

57 

105 

enedjoxy- 

PjOi 

110 

82 

254 

l-Methyl-6,7,S-trimethoxy- 

I-Metbyl-6-acetoxy-7.8-dimeth- 

PjO* 

110 

65 

255 

oxy- ( 7 ) 

1-Fbenoxymethyl-C-metbyl- 

PiO, 

110 

43 

256 

6-met hoxy-7-benJylaxy- 
1 -Et by )-3-me 1 byl-6-met h oxy- 

PCU 

50 

47 

105 

7-bemyloxy- 

1 -Etby l-4-methyl-6-methoxy- 

pcu 

70 

19 

105 

7-bewyloTy- 

1-ftdpy 1-3-inet hyl-A-me t boxy- 

PCU 

50 

55 

105 

7-beMyloty- 

1 -Isopropyl-3-methy 1-G-metboxy- 

ecu 

50 

5S 

105 

7-berayloxy- 

1-Isobuty 1-3-met by 1-6-met hoxy- 

PCU 

50 

26 

105 

7-beiuyloxy- 

PCU 

50 

IS 

105 
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TABLE VII — Continued 


3,4-DinrDROtsoQCi.voi.iN'Es 


Substituents 

Condensing 

Agent 

Temper- 

ature 

C C. 

Yield 

% 

Refer- 

ence 

l-Phenyl-2-rnethyl-G, 7-methvl - 
cncdioxv- (chloride) 
l-Phenyl-3-methyl-G,7-methy]- 

POClj 

110 

— 

249 

i 

enedioxv- 

l-Phenyl-3-mcthyl-6-methoxy- 

POCIj 

110 


257, 258 

7-benzojdoxy- 

POClj 

110 

05 

244 

l-Pbenyl-3-carbomethoxy- 

POClj 

110 

Good 

259, 200, 

6,7-methylenedioxy- 




201, 173 

l-Phenyl-3-carbomethoxy- 

poci 3 

130 

— 

262, 2 GO, 

6,7-dimethoxy- 




2 G 1 


P;Os 

140 

GO 

172 

l-Phenyl-3-carbethoxy-6,7-di- 

methoxv- 

l,3-Dipheny1-6, 7-methylene- 

PsOs 

140 

79 

172 

dioxy- 

FOCI- 

no 

28 

72 

1- (3,4-MethylenedioxypbenyI)- 

POClj 

no 

90 

258, 263, 

3-methyI-6,7-methylenedioxy- 




257 

l-(3,4-Methy]enedioxvphenyl)- 

P0C1, 

no 

Good 

264, 260, 

3-carbomethoxy-6,7-methylene- 

dioxy- 




261, 173 

l-(3,4-Dimethoxyphenyl)- 

poci 3 

130 

95 | 

265, 179 

4-methyl-6,7-dimethoxy- 

l-(3,4,5-Trimethoxyphenyl)- 



(Crude) 


6,7,8- trimethoxy- 

— 1 

— 

! 

178 

l-Benzyl-3-methyl-6,7-di- 

P:0 5 

no 

>60 

266, 267, 

methoxy- 

l-Benzyl-3-methyl-6-methoxy- 




263 

7-phenylacetoxy- 

POCI 3 

GO 

56 

244 

l-Benzyl-3-phenyl-6,7-methyl- 

enedioxy- 

l-BenzyI-6,7-methylenedioxy- 

POClj 

no 

46 

72 

S-methosy- 

and 

P«.O s 

140 

65 

34 

1 -Benzy l-B-mefh oxy-7, S-m e thN'] - 
enedioxy- 

l~Piperonyl-3-metliyl-6,7-methyl- 





enedioxy- 

POClj 

100 

90 

266, 267 

l-Piperonyl-3-me thvl- 6 ,7-di- 

POClj 

125 

>60 

266, 267, 

methoxy- 




263 
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TABLE VII — Conlinutd 


3.4-DmYDRo:vxsnvouscs 


Sub'titucr.la 

Condensing 

Agent 

•c. 

Yield 

Refer- 

1-Vrn»lr> l-3-methyl-6,7-melh) L 
encdiox y- 

I',Oi 

100 

>00 

267 ,203 


roci, 

uo 

>00 

200,203 

1 -Venitry V-3-metliyl-C,7-di* 
Wflliinjr* 

WCli 

100 

>00 

2 GO, 207 

1 •Vcrat q 1-3-mrlh) W-iMllwy- 
7-(3,4-«h'nicthflxyphenj J* 
acrtoxy)- 

FOCI, 

00 

49 

211 

1 ,3-Itu ( verat rj lM5,7-dime thoxy- 

POCIi 

140 

— 

200. 2 10 

MVntrj J-l-metfiyI-G,7-<!i- 
niojhoxy* 

roci. 

110 

S3 

205, 170 

1-WThcnrtti) D-3-carl ionic tlioxy- 

roci, 

130 

Good 

208, 200, 

C,7-nictfiylcne<hoxy- 
l-(a-l'th} lbriuj l)-3-niet!i) V- 

TOC), 

no 

>70 

201, 173 
200, 207, 

0,7- met hy Icned iory- 
M3-PyriilyD-3-motl)) L 
C,7-hicthylenedioxy- 

roci. 

uo 


203 

258. 257 

l-(2-Quino1yl)-3-mcthyl- 

O.T-methylenrdimy- 

roci, 

uo 

eo 

233 

2,3-Dimeth) W,7-meth)lene- 
dioxv- (plio»l'tuitc) 

r,o, 

uo 


212 

2-M cth j 1-0,7- me t hy 1c ncdioxy- 
B-mrtlioxy- (chloride) 

soci. 

so 

__ 

210 

1,3,4-Trimclhj 1-C-methoxy- 
7-beni> loxy- 

ret. 

50 

u 

105 

1-13 ,4-Dimel hoxypheny l)-3,4-d v- 
m<!lhyl-C,7-dimethoxy- 

TOClj 

110 

88 

205, 179 
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Supplement to Table VII 
Amides That Could Not Be Ctclized 


Name 

Condens- 

ing 

Agent 

Temper- j 
ature 

°c. 

Refer- 

ence 

N-Formyl-l,3-diphenylisopropylamine 

_ 

_ 

269 

N-Acetyl-/S-(3-acetylaminoethylphenyl)ethylamine 

— 


75 

N-Acetyl-a,/J-diphenylethylamine 

POClj 

110 

72 

X-Phthalimidoacetyl-/S-phenethylamine 

— 

— 

97 

N-Triazoacetyl-d-(3,4-dimethoxypheny])ethylamine 

— 

— 

97 

N-Glycyl-/3-(3,4-dimethoxyphen}d)ethykmine 

N-(0-Chloropropionyl)-0-(3,4-dimethoxyphenyl)- 

— 

— 

97 

ethylamine 

POCij 

no 

57 

N-Benzo 3 'l-ar,(S-diphenj'lethy]amine 

P0C1 2 

110 

72 

N-Benzoyl-cr-aminoacetophenone 

POCl 3 

110 

53 

N-Beozoyl-ar-aminopropiophenone 

BeOS -f- 

poa 3 

140 

86 

N-Benzoyl-<i-amino-3,4-diethoxypropiophenone 

N-(p-Xitrobenzoyl)-/3-(m-benzamidophenyl)ethyl- 

POCJ 3 j 

110 

11 

amine 

— 

— 

45 

X-PhenykcetyJ-a,0-diphenylethykmine 

POClj 

no 

72 

N-Phenykcetyl-a-aminoacetophenone 

H 2 S 04 


270 

N-(2-Nitrophenylacetyl)-A-phenetbykmine 

PtOs 


91, 46 

N-H omoveratroyl-a-aminoa cetovera t ron e 

N-(3-Benzyloxy-4-metboxypheny!acetyl)-2-(3-benzy]- 

POClj 

■ 

50, 51, 
55 

oxy-4-metboxyphenyl)ethykmine 

N-(2-Xitro-3,4-dimethoxyphenylacetyl)-0-|3-(2-nitro- 

— 


271 

3,4-dimethoxyphenylacetamido)pbenj'l]ethylamine 

N-(2-Xitro-3,4-dimethoxyphenylacetyl)-0-(4-meth- 

pci s 

25 

92 

oxyphenyl)ethylamine 

N-(2-Xitro-3,4-dirnethoxyphenylacetyl)-0-i3-(2-nitro- 

3,4-dimcthoxyphenylacetamido)-4-methoxyphenyij- 

Various 


49 

ethylamine 

N-(2-Xitro-3,4-dimethoxyphenylacetyl)-£-(3-bromo- 

Various 

— 

49 

phenyl)ethylamine 

X-(2-Xitro-3,4-dimethoxyphenylacctyl)-0-(3-bromo- 

POCI 3 

no 

48 

4-roethoxyphenyl)ethylamine 

POClj 

no 

48 

X-(2-BenzamidophenyJclyoxa!yI)-£-pheneihylamine 

X-(2-FurylpropionyI)-0-(3,4-methy!enedioxyphenyl)- 

PC1 5 

25 

92 

ethylamine 

X-I2-(5-Phcnylfuryl)propionyI]-£-(3,4-methviene- 

— 

— 

181 

dioxyphenyl)ethykmine 

| 


181 

X-(2-Furylacrylyl)-iS-phene!hv!amine 

Various i 


99 

C^H s CH;CH I XHCOfCH,) I .[r J COXHCH.CH»CfH 5 

3,4-(CH;0)jC t H 3 CH : CH;XHCO(CH 2 ) M COXHCH- 

Various i 

— 

98 

CH:CtHj(OCHj)--3,4 

— 

— 

98 
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» Hartmann and K5gi, U. S pat. 1.437,802 (C. A.. 17, 854 (1923)]. 

** Ges Chem. Ind Basel, Swiss pat. 92.004 ICAcm Zentr., II, 574 (1923)1. 

*“ Wolfes, U. S. pat. 1,941.647 )C. A.. 28, 1717 (1934)1. 

**Ges Chem. Ind. Basel, Swiss pat. 92.611 (1920) [Chem. Zentr , II, 574 (1923)J. 

** Sugasawa and Svlgimoto, J. Pharm. Soc. Japan. 61, 62 (1941) [C. A., 36, 92 (1942)] 
**E. Merck. Brit, pat 34S.956 (C. A . 26, 1944 (1932)]. 
w Wolfes. Ger. pat. 550,122 [Frdl.. IT, 2310 (1930)]. 

** Ges. Chem. Ind Basel. Swiss pat. 92.612 ICAcm. Zentr , II, 574 (1923)] 

*» Ch&kravarti and Ganapati. J. Annamofot Unit.. S, 20S (1934) [C. A.. 29, 1094 (1935)J. 
“Robinson, J Chem Soe., 95,2167 (1909). 

171 Robinson and Sugasawa, J. Chem. See., 1931, 3183. 
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ORGANIC REACTIONS 


TABLE VIII 


ISOQTJINOUNES 


Substituents 

Condensing 

Agent 

Temper- 

ature 

C C. 

Yield 

% 

Refer- 

ence 

A. From fi-hydroxyethylamides 





None 

P 2 O s 

110 

21 

5 

1-Methyl- 

P 2 Os 

140 

— 

272, 5 

l-Phenj'l- 

P 2 Os 

140 

60 

! 5 


P 2 O 5 

110 

81 

86 


P 2 0 5 + POCI 3 

140 

91 

86 

1-Benzyl- 

P 2 O 5 

140 

4 

273 


P 2 O s 

80 

Poor 

270 


P 2 0 5 

140 

40 

5 

4-Phenyl- 

P 2 O s 

110 

— 

87 


P 2 O s 

140 

35 

7 

1,3-Dimethyl- 

P 2 0 5 

110 

37 

86 

l-Methyl-4-phenyl- 

P 2 O s 

140 

so 

87 


P 2 O s 

110 

82 

7 

l-n-Propyl-3-methyl- 

P 2 Os + POOL 

140 

35 

86 

l-Phenyl-3-metbyl- 

P 2 0 5 

205 

35 

86 


POCI 3 

140 

45 

86 


P 2 0 5 + POCI 3 

140 

50 

86 

l-Phenyl-3-ethyl- 

P 2 0 5 + POClj 

140 

26 

86 

l-Phenyl-3-n-propyl- 

P 2 0 5 + POCI 3 

140 

20 

86 

l-Phenyl-3-butyl- 

P 2 0 5 + POCI 3 

140 

1 

86 

1,3-Diphenyl- 

F 2 0 5 

140 

20 

86 

1-Phenyl-tethyl- 

p 2 o 5 

140 

5-10 

86 

1,4-Diphenyl- 

P 2 O s + POCI 3 

140 

0 

86 


p 2 o 5 

no 

80 

87 

I-Benzyi-3-inethyi- 

p 2 o 5 

no 

10 

86 


P 2 O s + POCI 3 

140 

16 

86 


P 2 Oj 

205 

20 

86 

l-Methyl-3, 4-diphenyl- 

P 2 O s 

no 



87 


p 2 o 5 

no 

58 

7 

1 ,3,4-Triphenvl- 

p 2 0 5 

no 

21 

7 

l-Phenvl-3-methyl-7-methoxy- 

— 




274 

l-(p-Methoxyphenj’l)-3-methyl- 





7-methoxy- 

— 




274 

l-(p-Ethoxyphenyl)-3-methyl- 




7-methoxy- 

— 





274 

l-(3,4Methvlenedioxyphenyl)- 





3-methyl-7 -methoxy- 

— 

— 

— 

274 
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TABLE VIII — Continued 


ISOQDKOUXES 


Substituents 

Condensing 

Temper- 

ature 

°C. 

Yield 

Refer- 

l-(3, 4- Dimethoxyphenvl)- 





3-methyl-7-me t hoxy- 

— 

— 

— 

274 

l-PheuyI'6,7-dimethoxy- 
l-(3,4-Dimethoxy phenyl)- 

POClj 

110 

— 

275 

6,7-methylenedioxy- 

l-{2,3-Dimethoxybenzyl)-5,6-di- 

POCI, 



93 

methoxy- 

POCI, 

110 

77 

62 

1 - Vera t ryl-6, 7-dime t boxy- 

PiOs 

110 

— 

27 6 


PiO» 

140 

30 

4 


POCJi 

80 

60-65 

277 


POCI, 

60 

70-75 

277 


POCI, 

60-60 

75 

278,279, 

2S0 

1-Verat ryl-6,7-diethoxy- 
l-(3, 4-Diet hoxy be nzyi)-G,7-di- 

FOCI, 

60 

— 

281, 282 

methoxy- 

POCI, 1 

80 

— 1 

281 

l-(3, 4-Diethoxy be ozyl)-6,7-<ii- 

PCls 

SO 

~~ 

230 

ethoxy- 

l-(3, 5-Diethoxy be myl)-6,S-di- 

POCI, 

COSO | 

— 

2 SO 

methoxy- 

1 -(3, 5-Diet hoxj benzyl)-C,8-di- 

PCI, 

80 

75 

278 

ethoxy- 

POCI, 

60-80 

— 

27S 

l-(Diethoxybenzyl)dimethoxy- 

PCI, 

80 

75 

279 

l-(Diethoxybenzyl)diethoxy- 

POCI, 

60-80 

75 

279 

1 , 3-Dime t h> 1-6, 7-m et hy len edi oxy- 

POCI, 

CO 

— 

120 

l,3-Dimethyl-6,7~dimethoxy- 

POCI, 

60 

77 

120 

1 .3- Dime 1 hyJ-6-met hoxy-7-ethoxy- 

1 .3- Dimethyl-6-methoxy-7-beniyl- 

POO, 

120 

75 

283 

oxy- 

POC), 

110 

57 

2S4 


POCI, 

60 

69 

2S4 

1 ,3-D i met hy 1-6, 7-diet hoxy- 

POCI, 

60 

74-92 

II 

1 , 3-Dimethyl-6,7-dibenzyloxy- 
l-CYclohexylmethYl-3-methyl- 

POC), 

110 

50 

2S5 

6,7-et hy lenedioxy- 

POCI, 

SO 

— 

127, 129 

l-A'-Cyclohexe nyl-3-me thyl- 
6,7-dimethoxy- 

POCI, 

60 

" 

127, 129, 
12S 

1 -A*-Cyclohexe ny 1-3-ey clohexyl- 
6,7-dimethoxy- 

POCI, 

SO 


127, 128, 
129 
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ORGANIC REACTIONS 


TABLE VIII — Continued 


IsOQCTXOLDTES 


Substituents 

Condensing 

Agent 

Temper- 

ature 

C C. 

Yield 

% 

Refer- 

ence 

l-Phenyl-3-msthyl-6,7-methylene- 

dioxy- 

POClj 

110 


236,287 

l-Phenvl-3-methyl-6,7-dirneihoxy- 

POClj 

110 

— 

288 

l-Phenyl-3-niethyl-6,7 -diethoxy- 

P0C1 3 

110 

72-82 

11 

l-(p-Methoxyphenyl)-3-methyl- 

6,7-methylenediory- 

POClj 

140 


288 

l-(p-Methoxyphenyl)-3-methyl- 

6,7-dimeihoxy- 

poci 5 

120 


2S8 

l-(3,4-Methylenedioxyphenyl)- 

3-methyl-6,7-methylenedioxy- 

POClj 

120 

9 

286, 287 

l-(3,4-Methylenedioxyphenyl)- 

3-methyl-6,7-<3iinethoxy- 

poa 3 

120 


288,289 

l-(2,4-Dimethoxyphenyl)- 

3-methyV-7,S-dinietho3y- 

POClj 

no 

76 

30 

l-(3,4-I}imethoxyphenyl)- 

3-meihyl-6,7-methylenedioxy- 

POClj 

110 


2SS 

l-(3,4-Dimethoxyphenyl)- 

3-methyl-6,7-dmiethoxy- 

poa 3 

110 


2SS, 289 

l-(3,4-Dimethoxyphenyl)- 
3-methyl-6, 7-diethoxy- 

pocij 

HO 

65-80 

11 

l-{3,-i-Diethoxyphenyl)-3-methyl- 
6, 7-diethoxy- 

pocij 

no 

50-63 

11 

l-(2-Benzyloxy-4-methoxyphenyl)- 

3-methyl-6,7-<iimethoxy- 

pocij 

110 

75 

31 

l-(2-Carbethoxyoxy-4-meth- 

oxypheny])-3-methyI7 1 S-di- 

methoxy- 

POClj 

HO 

>1,5 

30 

1 - (2,3,4-Trime thoxvphenyl)- 
3-metny]-7,S~dImG: thoxy- 

POC13 

110 

94 

30 

l-(2,4,5-Trimethoxypheny!}- 

3-methyl-6,7-diinethoxy- 


■| 


2S9 

1 - (3 , 4, 5-T rime th axyphe ny 1 >- 
3*melhyl-6,7-methylenedioxy- 

POClj 



2SS 

1 - (3,4, 5~T rime tb oxyphe ny ] )- 
3>methyI-6,7-dimelhoxy- 

poaj 

■m 


2SS.2S9 

l-(3.4,5-Trie:hosyphenyl}> 

3-m ei by 5-6,7-dim etboxy- 

POCT, 

M 


2SS, 259 

l-Bemyl-3-meth;-l-6,7-inethylene- 

dioxy- 

poa 2 

1 

1 

B 

02 

286,287 
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TABLE VIII— Continued 


IsoqtTJNOLlNES 


Substituents 

Condensing 

$ 

7 

Yield 

Refer- 

ence 

l-Bertzj-l-3-methyl-6,7-dimefhovy- 

POCI, 

110 

- 

288,280, 

275 


POCI, 

140 

— 

290 

l*Ben*yl-3-methyI-6,7*«Jiethoxy> 

1 -Piperony I-3-methy l-€,7-met hyl- 

POC1, 

no 

73 

11 

enedioxy* 

l~PiperonyL3-methyl-6,7-dimeth- 

POCI, 

no 

39 

286,237 

oxy- 

l-Vcratryl-3-methy 1-0, 7-methyl- 

POCI, 

no 

~ 

2S8, 289 

enecffoxy- 

l-Veratryl-3-methyl-C,7-dimeth- 

POCit 

no 

46 

286 

oxy- 

l-(3,4~Dicthoxybenzy])-3-methyl- 

POC), 

120 

~ 

288,289 

6,7-dietho.xy- 

B. From p-mtthoiyethylamidrs 

POCI, 

no | 

80-90 | 

11 

l-Phenyl-3-methyl- 

P,O s 

205 

— 

201 

l-Cyeloliexyl-C,7-dimethoxy- 

POCI, 

60 


127, 128, 
129 

l-Cyolohexyl-G,7-ethy)cnedioxy- 

poci. 

SO 


127, 128, 
129 

l-Cyc)ohexyl-6,7-dicthoxy- 

POC), 

so 


127, 128, 
129 

I-Cyclohe\ylmethyl-G,7-di- 

methoxy- 

POCI, 

140 

” 

127, 128, 
129 

1 -A'-Cy clohexenyl-G, 7-dime t hoxy- 

POCI, 

60 

“ 

127, 128, 
129 

l-Fhenyl-0,7-methylenedioxy- 

POCI, 

140 

30-10 

12 

1 -Phc ny l-6,7-di met hoxy- 
l-(3,4,5-Trimetho\ypheny!}- 

P,O s 

no 


13 

6,7-djmetho\y- 
1 - (3,4, 5-T riet hoxyphe ny 1)- 

SiCli 

no 

50-80 

115,116 

6,7-methylenedioxy- 
l-(3,4,5-Triet hoxyphe nyl)- 

PCI, 

130 

50-80 

115, 116 

6,7-dimethoxy- 

POCI, 

80 

50-80 

115, 116 

1 -Benzyl-6, 7-mct hylenedi oxy- 

POCI, 

80 

50 

12 

1 -Benzyl-6 ,7-dimethoxy- 

POCI, 

140 

60 

12 

1 -Pipcyony)-6,7-methylenedio'ty- 

POCI, 

140 

30 

12 



128 


ORGANIC REACTIONS 


TABLE VIII —Continued 


ISOQUINOLEvES 


Substituents 

Condensing 

Agent 

Temper- 

ature 

C C. 

Yield 

% 

Refer- 

ence 

l-Piperonyl-6,7-dimethoxy- 

POCI 3 

140 

40 

12 

l-Veratry]-6,7-methvlenedioxy- 

POCl 3 

140 

— 

12 

l-Veratryl-G,7-dimethoxy- 

P 2 O s 

110 

7 

13 


POCl 3 

140 

40 

12 

l-(3-Benzyloxy-4-methoxy benzyl)- 





6,7-dimethoxy- 

POClj 

110 

— 

271 

l-Phenyl-3-methyl-6, 7-methylene- 





dioxy- 

— 

— 

75 

292, 293 

l-Phenyl-3-methyl-6,7-dimethoxy- 

POCl 3 

140 

60 

294 

l-Phenyl-3-methyl-6-methoxy- 





7-benzyloxy- 

POCls 

110 

65 

295 

l-(3,4-Methylenedioxyphenyl)- 





3-methyl-6,7-methylenedioxy- 

poci 3 

110 

85 

293, 179 

I-Piperonyl-3-methyl-6, 7-methyl- 





enedioxy- 

pocL 

110 

70 

291 


— 

— 

Good 

292 

l-(Piperidinometbyl)-3-methj'l- 





6,7-methvlenedioxy- 

poa 3 

80 

85 

233 

l-Phenyl-3-methyl-6,7,8-trimeth- 


1 



oxy- \ 

POCl 3 

140 

so 

294, 179 

l-(3,4,5-Trimethoxyphenyl)- 





3-methyl-6,7,8-trimethoxy- 

poci 3 

140 

90 

294, 179 

l-Benzyl-5,8-dimethoxv- 





6,7-methylenedioxy- 

P0C1 3 

80 

13 

14 

l-Piperonyl-5,8-dimethoxy- 





6,7-met by] enedioxy- 

poci 3 

80 

17 

14 

l-Yeratryl-5,8-dimethoxy- 





6,7-methylenedioxy- 

P0C1 3 

80 

18 

14 

C. From slyrylamides 





None (from oxime) 

P:0 5 

— 

2 

16, 17 

(from oxime) 

P-Os 

100 

10 

296, 297 

1-Phenyl- 

auo 3 

195 



13 

1,4-Dimethyl- 

P:0 5 

110 

>50 

298 

1,3-Diphenyl- 

P 1 O 5 

110 

51 

29S 

l-Phenyl-4-methyl- 

PjOj 

110 

93 

S 

1,4-Diphenvl- 

p=o 3 

110 

86 

6 

l-Beozyl-4-methyl- 

P:O s 

110 

27 

298 
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TABLE VIII — Continued 


IsOqUINOUNES 


Substituents 

Condensing 

Agent 

T «™ | YMJ 
°C. 

Refer- 

D. From N-acylphcnylalaninc 

CIIj 

YY n ch-co,ii _ ni o 







Alls 




I -Methyl- 

Folyphos- 
phoric aeid 
+ POClj 

125 2 

65 

n Mills and Bmith, J. Chem. Soc , 121 

1, 2724 (1922). 




m Forsyth, Kelly, and Pjman, J. Chem. Soc., 127, 1659 (1925). 

rt Bruckner and Bod air, A fogy or Bud. Kutatdintfzet Munkdi, 15, 404 (1943) [C A., 42, 
172 (1048)1 

™ Vinkler and Bruckner, Slaovar Chem. Fol u 6,raI. 45, 147 (1939) (C. A., 34. 3747 (1940)) 
1,1 Pictet and Gams, Compt. rend., 149, 210 (1909). 

Keresxty and W 0 1/, Ger. pat. 8I3.R30 [Frdl . 20, $12 (1933)). 

™ Wo If, Brit. pat. 380.S74 [C. A.. 27, 3943 (1933)1. 

*™ Keresxty and Wolf. Fr. pat 719,638 [C. A.. 26, 3S06 (1932)]. 

» Wolf, U. 8. pat. 1.902,224 1C. A., 28. 4341 (1934)) 

*> Chemische-Pharmaxeutischa A.-G. Bad Homburg, Ger pat. 574,650 [Frdl.. 19, 1116 
(1932)]. 

« Wotf, Hung. pat. 103,865 [Cfiem. Zenlr . 1, 1900 (1935)). 

Bruckner, KovScs, and KovAcs, Be r., Tt, 610 (1944) 

“ Fodor, Bt r„ 76, 121B (1943). 

** Bruckner and Fodor, Bet., 76, 46(5 (1943). 

« Bruckner and IvrAmli, d. pro! (• Cketn , 145, 291 (1936). 

Brurkner and Kr&mli, Magyar Chem. Folydirat, 43, 23 (1937) (C. A., 31, 6238 (1937)). 
** Bruckner and Fodor, Bet.. 71, 541 (193S). 

»’ Fodor, Acta Lit. Set. Refiat Unit. Hung. Francieeo-Josephinae, Sect Chem , Mineral 
Phya-, 6, 1 (1937) [C. A.. 32, 2124 (193S)). 

00 Vinkicr and Bruckner, J prakt Chem., 151, 17 (193k). 

WV Wolfes and Dobroo-sky, Ger pat 556,709 [Frdl , 19, 1114 (1932)). 

®* Keimatsu, J. Pharm. Soc Japan, 53, 1070 (1933) K\ A.. 29, 7989 (1935)) 

»i Sugasawa and Sakurai, J. Pharm. Soc. Japan, 66, 563 (1936) [C A.. 33, 9307 (1939)) 
m Sugasava and Kakemi. J. Pharm Soc. Japan, 57, 172 (1937) [C A . 33, 9307 (1939)] 
» Sugaaawa. J. Pharm Soc Japan. 68, 265 (193S) [C. A , 32, 5402 (1938)). 

» Goldschmidt, Iter., 27, 2795 (1S94). 
m Goldschmidt, Her.. 25, SJS (IS95) 
m Krabbe, Schmidt, and Eisenlohr. Ber., 74, 1905 (1941), 
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ORGANIC REACTIONS 


Supplement to Table VILL 


Amides That Could Not Be Ctclized 


Name 

Condens- 
1 ing ! 
| Agent i 

1 

Temper- j 
! attire i 
; C C. 

1 

Refer- 

ence 

N-Phenylaeetyl-2-pheny5-2-metlioxyethj'lamme 

N-(3,4-Methylenc-dioxyphenylacetyl)-2-phenyl- 

t 

| i’OCl; i 

j 

i 

140 

12 

2-methoxyethyl3mine 

POCJj 

! 140 

12 

N- (a-Pyridylace ty] ) -2~hy droxy-2-ph e n ethvla mine 

P ; Os 1 

| 205 

42 

N-BenzoyH-hydroxy-l-phenyM-aminooctane 

P-Os 

: 205 

SO 

N-Benzoyl-2-hydroxy-2-phenyl-3-aminohmane 

N-(2-Carbomethosybenzoyl)-2-pfcenyT2-methoxy- 

• poa, + 

; P5O5 

140 

86 

ethylamine 

N-(2-Carbomethoxybenzoyl)-2-(3,4-methylene- 

j pocij 

1 

| 

140 

299 

di oxyphenvl }-2-me t horre thy Uimi ne 
N-PhenylacetyB2-(2,4--dimethoxyplienyl}-2-rneth- 

:Poa 3 

140 

299 

oxvethylamine 

N-(3,4-MetbylenediraypLenyl3<*tyl)-2-{2,4-dinieth- 

i Various 
! 

— 

14 

oxyplienyl J-2-methoxyethylamine 
N-(3,4r-DiraeihoxyphenyIacetyl>-2-(2,4--diinethoxy- 

| Various 

: 

■ 

14 

phenvl)-2-methosyethylaniine 

j Various 

— 

14 

N-(a-Pyridyl2cetyl)-2-(3,4-dimethoxyphenylj- 

2-hydroxyethylamine 

j PriD; or 
j POCI, 

— 

42 

Benzylidenescetophenone oxime 

: PtO; 

— 

297 


571 Mannlch and Walther, Arch. Phzrm., 265, 11 (1927). 
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TABLE IX 


Benzisoqotnolikes 


Substituents 

Condens- 

ing 

■ Temper- 
ature 
°C. 

Yield 

Refer- 

A. Phenanthridinr* 

CC 

E 


II 


8 9 


None 

ZnClj 

Melt 

__ 

113 


POCIj 

— 

0 

66 


ZnCl, 

22O-2S0 

42 

300 

9- Hydroxy- 

ZnCij 

Melt 

— 

113 


ZnClj 

250 

29 

300 

(from isocyanate) 

AIC5, 

SO 

78 

24 

9-Methyl- 

POCIj 

no 

— 

301 


ZnClj 

250-300 

— 

66 


ZnClj 

Melt 

— 

113 


POCIj 

no 

70 

GO 

9-Chloromethyl- 

POCIj 

no 

SO 

66, 301 

9-Phonoxymothyl- 

POCIj 

no 

65 

101 

9-Ethyl- 

ZnClj 

Melt 

— 

113 


P0C1, 

no 

SO 

66, 301 

D-(-rCarbcthoxypropyl)- 

POCIj 

no 

64 

(0! 

9-(8-Carbcthoxybutyl)- 

POCIj 

no 

6S 

101 

9-Car bethoxy- 

POCIj 

no 

20 

100 

9-Phenyl- 

ZnCl, 

Melt 

— 

113 


P0C), 

no 

75 

CG, 301 

9-(2,4,6-TrimethyIphetiyl)- 

POCIj 

no 

— 

101 

9-{o-Nitrophenyl)- 

POCIj 

no 

74 

66, 301 

9- (m-Xit ropheny 1 ) - 

POCIj 

no 

61 

CC, 301 

9- (p-Nit rophe ny 1)- 

POCIj 

no 

Go 

60, 301 

9-(3,5-Dimtrophenyl)- 

POCIj 

iso 

Good 

302, 121 

9-(o-Carboxyphenyl)- 

NaCI + 
AlCtj 

ISO 

_ 

132, 133, 
134 


ZnClj 

275 

77 

303 

9-(n-N«phthyl)- 

POCIj 

no 

— 

101 

9-Benxyl- 

POCIj 

no 

20 

101 

9- (p-Ni t robonjyl)- 

POCIj 

no 

67 

32 

9-Phenethyl- 

POCIj 

no 

70 

101 
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ORGANIC REACTIONS 


TABLE IX — Continued 


Ben'zxsoqttinoixn'es 


Substituents 

Condens- 

ing 

Agent 

Temper- 

ature 

C C. 

Yield 

% 

Refer- 

ence 

9-Styrvl- 

POClj 


12 

101 

9-(3-Pyridj-l)- 

poci 3 

110 

0 

304 


poci 3 

180 

72 

304 

9,9'-Tetramethylene-bis- 

poci 3 

110 

3 

101 

l-Nitro-9-tnethyl- 

POCl 3 

140 

00 

304a 

2, 9-Dimethyl- 

poci3 

— 

Good 

67 


poci 3 

110 

! 79 

305 

2-Carbethoxyamino-9-inethy]- 

POCl 3 

110 

81 

32 

3-Bromo-O-rnethyl- 

poci 3 

110 

i 89 

306 

3-Cyano-9-methvl- 

POClj 

110 

31 

307 

3-Nitro-9-methyl- 

POClj 

110 

SO 

301,300 

6-Carbethoxyamino-9-methyl- 1 



70 


and / 

POClj 

110 


32 

S-Carbetbosy3mino-9-methyl- j 



10 


7'Carbethoxyamini>-9-inetbyl- 

poci. 

110 

85 

68 


poci. 

no 

95 

305,309 

7-Benzamido-9-melhyL 

POClj 

— 

62 

67 

7-Nitro-9-methyI- 

POClj 

— ! 

Poor 

301,300 


pocij 

— ! 

4 

67 

2-Methvl-9-phenyI- 

POClj 

no ; 

9S 

305 

7-Nitro-9-phenyL 

POClj 

no 

23 

71 


foci. 

no 

24 

70 


POCl, 

iso 

j 45 

71 


poa 3 1 

iso 

99 i 

121 

ABrorno-O-fp-bra-nopheny!}- 

POClj 

iso 

| 100 

307 

3-N5 tro-9-(o-nj ! ropb enyJ )- 

POCl J 

— 

1 Poor 

300 

7'C?-Tbethoxyanuno-9-(o-nitropbenyl)- 

POCls 

100 

>00 

309, 30S, 


! 



OS 

3-Nitro-9-fm-nitiophenyl'j- 

poa. 

ISO 

Good 

121,310 

7-Xit ro-% (m- nit roph e ny 1)- 

POCl, 

ISO 

S2-87 : 

121,310 

2-C arbe * h a xyn min o9- ( p-ni troph enyl }- 

POClj 

no 

! 59 

32 

3-Nit ro-9- (p-nii rophenyj }- 

poct, 

no 

| 01 ; 

70,302 

G-Carlx;thox 3 'antiiio-!>- (p-nitrophenyl)- j 



; 33 


and | 

POCTj 

130 

j 

32 

S-Carbe thosy ami f p-r.i trophcnvl)- j 



} 50 


y-Carbethotc.'snunn-tMp-rutrophenyi}- 

POClj 

150 

02 

305, 309, 





CS 


POCTj 

no 

ca. 10O 

32 

7-N j t ro-C^-fp-nh ropheny] )- 

POClj 

no 

30 

70, 302 


POCl, 

iso 

95 

302, 71 

7-X ix f 3,5-4t ni t ropbcny] )- 

POCT, 

: ISO 


1 302, 71 
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TABLE IX — Continued 


IjE'XtlJOQ'CTSOUXI.S 


Substituents 

Condens- 

ing 

Temper- 

ature 

°C. 

Yield 

% 

Refer- 

3-Nitro-9- (3-pyridy 1)- 

POClj 

no 

0 

304 


POCl, 

iso 

94 

304 

7-N it ro-9- (3-pyridy 1 )- 

POCl, 

no 

0 

304 


POCl, 

ISO 

37 

304 

2,7-Dicarbethoxyamino9-methyl- 

POC1, 1 

110 

>70 

309, 30S, 
OS 

2,7-Dibromo-9-methy L 

POCl, 1 

no 

— 

311 

3,7'Dinitro-0-(t-l>utyl)- 

POClj 

iso 

32 

71 

2,7-Dicartx!tho\ynmino-9-phenyl- 

poet. 

no 

69 

309, 312, 
OS 

2,7-Dibromo- 9-phenyl- 

POClj 

210 

98 

311 

2,7-Di nit ro-9-phe ny 1- 

POClj 

ISO 

50 

121,312 


POOL 

iso 

66 

313 

3,7-Dinitr»9-plienyl- 

POClj 

no 

Poor 

70 


POCJ, 

iso 

5S 

302, 71, 
121 

4,5-Dimetbyl-9-phenyl- 

POClj 

no 

— 

314 

3-Bromo-7-wtr»-9-(p-njtrophenyl)- 

roci, 

ISO 

Good 

121 


POCl, 

no 

Good 

302 

3,7-Dinit ru-9- (p-nit ropheny])- 

POC), 

no 

0 

71 


foci, 

iso 

>30 

71 

4,5-Dimethyl-9-(p-nitrophcnyl)- 

2,3-DiTnethyl-6,7-rnethylenedioxy- 

POCl, 

iso 

74 

314 

1,4,11,12-tetrabydro- 

POCl, 

no 


315 

2,3,6,7-Tetraraet hoxy- 

POCl, 

no 

0 

09 


PjOs 

no 

3 

69 

2,3,6,7-TetmmothoTy-9-methyl- 

POCl, 

no 

85 

09 

2,3, 6, 7-Tet raroe!ho.ty-9-et hy] • 
2,3-Dimethyl-6,7-diniethoxy-9-phenyl- 

POCl, 

no 

85 

09 

1,4,11,12-tetrahydro- 

POCl, 

no 

93 

315 

2,3,6,7-Tetrnmethoxy-9-phenyl- 

POCl, 

no 

90 

09 


B. S, Sa,S,6-T<trdh ydro-4 II-benz[d,e]isoqutnolinea 
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ORGANIC REACTIONS 


TABLE IX — Continued 


Benzisoquinolikes 


Substituents 

Condens- 

ing 

Agent 

Temper- 

ature 

°C. 

Yield 

% 

Refer- 

ence 

None 

P 2 Os 

110 

26 

316 

1-Methyl- 

P 2 O 5 

110 

61 

316 

1-Ethyl- 

P 2 Os 

110 

59 

316 

1-Phenyl- 

P 2 Os 

110 

12 

316 

1-Benzyl- 

C. ar-Benzisoquinolines 

l-Methyl-5,6-benz- (from hydroxy- 

P 2 O 5 

110 

48 

316 

amide) 

l-Methyl-3,4-dihydroo,(>-benz- (from 

p 2 o 5 

140 

24 

317 

oxime) 

p 2 o 5 

110 

22 

318 

l-Phenyl-3,4-dihydro-5,6-benz- 

POOL 

140 

— 

36, 319 

l-Phenyl-3-methyl-5,(y-benz- (from 
hydroxyamide) 

P 2 O 5 
POCl 3 I 

140 

12 

86 

l-Methyl-3,4~dihydro-6,7-benz- 

POCb 

140 

55 

36 

l-n-Propyl-3,4-dihydro-6,7-benz- 

poclj 

140 

50 

36 

l-Cyclolicxyl-3,4~dihydro-6,7-benz- 

POC13 

140 

— 

36 

l-Phenyl-3,4-dihydro-6,7-benz- 

POClj 

no 

56 

319 

l-(3,4-Diethoxyphenyl)-3,4-dihydro- 

POCl 3 

140 

56 

36 

6,7-benz- 

POClj 

140 

83 

36, 319 

5,8-Diphenyl-3,4-dihydro-6,7-benz- 

l-Benzyl-l',2',3,3',4,4'-hexahydro- 

POBr 3 

— 

— 

320 

6,7-benz- 

l-Methyl-3,4-dihydro-7,S-benz- (from 

P 2 0 5 

no 

78 

38 

oxime) 

P 2 O s 

110 

— 

318 


300 Morgan and Walls, J. Chem. Soc., 1932, 2225. 

' 1 Morgan and Walls, Brit. pat. 372.S59 1C. .1 . , 27, 34S3 (1933)]. 

® Morgan and Walls, Brit. pat. 511.353 j C. A., 34, 6020 (1940)]. 

303 Koelsch, J. Am. Chem . Soc., 58, 1325 (1930). 

XJ Pctrotr and Wragg, J. Chem. Soc., 1947, 1410. 

:M3 Stepan and Hamilton, J. Am. Chem. Soc., 71, 243S (1949). 

93 Ritchie, J. Proc. Roy. Soc. X. S. TToJca, 78, 169 (1945) [C. A., 40, SSO (1946)]. 
Walls, J. Chem. Soc., 1935, 1405. 

95 Barber, Gregor}-, Major, Slack, and Woolman, J. Chem. Soc., 1947, S4. 

OT Walls. Brit. pat. STS, 220 [C. .4., 41, 2449 (1947)]. 

93 Walls, U. S. pat. 2,397,391 [C. A.. 40, 40S6 (1946)]. 
c ’ Walls, Brit. p3t. 577.990 [C. A., 41, 2449 (1947)]. 

r -' Ritchie, J . Proc. Roy. Soc. X. S. T Voice, 78, 141 (1945) ]C. A., 40, S76 (1946)] 
c - Walls, Brit. pat. 5S7.673 [C. A., 42, 622 (194S)]. 
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Supplement to Table IX 


Amides That Could Not Be Ctclizeb 


K *“ 

Condens- 

ing 

Agent 

Temper- 

"C. 

Refer- 

ence 

2-Forma mido-4 '-ni t ro bip he ny 1 

rocij 

_ 

300 

2-F ormarnido-5-nit robiphenyl 

foci. 

— 

300 

2-Ace*amido-l '-fosylamidobiphenyl 

POCl j 

— 

<57 

2-Diehloroa ct amidobiphenyl 

POCl, 

— 

100 

S-Trichloroacetamidobiphenyl 

POCl, 

— 

100 

N-(2'Xeny])-G-oTamtc acid 

rocij 

— 

100 

2-Crotonamidobiphenyl 

POCl, 

— 

101 

2-Acetoacetamidobiphenyl 

rocij 

— 

101 

2-(d-CaiboTnethoxy)propiannmidobipbeny\ 

Poci 3 

no 

101 

2-(/?-Carbo\y)propionamidobipbenyl 

POClj 

110 

101 

2-(3-Carbo’ty)aciyIamidobiphenyl 

POCl, 

— 


2-(-j-Carbo\y)butyramidobiphenyl 

POCl, 

— 


N,N -BU(o-xenyl)glutardiamide 

POCl, 

110 

101 

I-Ace<amidome(byI-2-metho\ynapii(ha!ene 

POCl, 

no 



PtO, 

140 


l-Aretnnudomethyl-2-acefo\yn«phfba!ene , 

POCl, 

220-2-10 

53 

1 -Ace* amidomethy 1-t-met hoxy napht halene 

POCl, 

110-140 


l-cf-Acetaniidoethyl-4-nietboxynaphthaWne 

POCl, 

— 


1 -Benzamidomet hy 1 -2-benzoj loxynapht halene 

POCl, 

— 


1-(N-Afety]g)ycyl)naphthalene 




2-{N-Acetj lglycyl)naphthalene 




l-fN'.AcetylglycylH-methoxj'naphthalene 


110 


l-Hippuryl-4-rnetho\ynapht halene 




N'Acetyl-p-hydroxy-p-(a-napbthyl)ethylainine 

p 2 0. 



X-AcetyI-|3-hydroxy-d-(d-naph(hyl)e(hylamine 

PjOs 




PCI, 

— 


X-Formyl-fi- (0- phena nthryl )e thy la mine 

— 

— 

7b 

X-Fot , myl-A-methoxy-0-(9-phenanthryl)ethylaimae 

— 

— 


N-Benzoyl-,£Mnethoyy-£-(5>-phenanthryl)ethy lamine 


~ 



" Ritchie, J. Proe. Roy. Soc. A'. S. irate, 78. 177 (1945) [C. A.. 40, SSI (1946)]. 
“* Ritchie, J. Proe. Roy Soe. A' S (Tale. 78, 150 (1945) [C .4., 40, S79 (1946)] 
“‘Suga-awa and Kodama. Be r , 72, 675 (1939). 

*“ Spilth and Kit tel, Ber . 78, 478 (1910) 

«t Pictet and Manevitch, Arch tci. phyt. not- 85, 40 [C, A . 7. 1713 (1913)]. 

"* Gibson, llanhatan, Menon, and Simon 'cn. J . CAcm $oc . 19J«, 2247. 

°* Kindler, Peschhe, and Pluddemann. Arch Pharm , 277, -5 (1939). 

®° Etienne and Robert, Comj*. rend , 323, 331 (1946). 
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ORGANIC REACTIONS 


TABLE X 


Xaphthisoquixolutes 


Name 

Condens- 

ing 

Agent 

Temper- 

ature 

=C. 

Yield 

% 

Refer- 

ence 

6-Methylnapbthll,2-c]isoquinoline 

POCI3 

110 

90 

321 

2,3,8,9-Tetramethoxy-lb, 106,1 1, 12-tetra- 
hydronaphth[l,2-cIisoquinoline 

POCI3 j 

110 

63 

322 

iV! 0 ®. 

_ -4 JLJocHj 

CH ,0 y p 

CH,ok^X^N 

ll-Methyl-5,6,8,9-tctrahydronaphthl2,l-2liso- 

quinoline 

POCI3 

110 

30 

77 

3Q1 12 CH ’ 

o 

3-Methoxy- 

POCI3 

no 

2S 

1 

77 


ScTFLElIE-YT TO TaBLE X 


AiriDES That Could Not Be Ctcuzed 



Condens- 

j 

Temper- 

Refer- 

Name 

ing 

ature 

e nee 


Agent 

'C. 


N-Fo rrrr.*3 - 3 - (3-pb ena n 1 b ryJ )et h via m3 n e 



70 

X-ronrsyl-3-mctboty-'J-f3-p*senanthryl)cthylamine 

— 

— 

70 


= HitEriip, J. I’rnr. lifj. S'-c. .V. 5. I Vclst. 78. 173 (IP'S) [C. A.. <0, SSO (194G)J. 
— K:-harxI*on. Bob;r:'or.. and Scijo, J. Ckn~i. Soc-. 1937. &35. 
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TABLE XI 


Benzoquinouzines 


Name 

Condens- 

ing 

Agent 

Temper- 

°C. 

Yield 

% 

Refer- 

8,9-D»methoxy-6,7-dihydrobeiuD{a]- 
qumolizinium chloride 

POClj 

80 

05 

33 

8 

CHjO 

ci' 

3 

8,1 l-Dimethoxy-e^-dihydrobenzolal- 
quinoUzinium chloride 

I 

poci 3 ( 

80 

60 

33, 179 

9, 10-Methylencdioxy-6,7-dihydro- 
benzolalquinolizinium chloride 

1 

rocij ' 

140 : 



323 


POCl, 

140 

69 

324 

8-MethyHO, 1 l-dimetho\y-6,7-dihydro- 
bcnzolalquinolizituum chloride 

POClj 

SO 

92 

33 

9,10-DimethoTy-l,2,3,4,6,7-hexahydro- 
benzo[a]quinoHzinium chloride 

POClj 

110 

_ 

325 

O-Methyl-9, lO-metbylenedioxy- 
1,2,3,4,6,7-hexahydrobenzoJaJquino- 
lizinium chloride 

POCh 

110 


325 

l-Melhyl-3-carbethoxy-9,10-dimetho:cy- 
l,2,3,4,G,7-hecahydrobenzo[ajquino- 
lizinium chloride 

POClj 

no 

63 

326, 179 


m Sugasawa and Sugimoto, Proc. Imp. Acad. Tokyo, 15, 49 (1939) [C. A., S3, 5101 
(1939)]. 

*“ Sugasaw* and Suguorjto. Bit., 73, 977 (1939). 

“Sugasawa, Sakucaf, and Sugimoto, Proc. Imp Acad. Tokyo. 35, 82 (1939) l C. A ., 33, 
6318 (1939)]. 

°* Sugasawa, Sakurai. and Okayama, Bit.. 74, 537 (1941). 
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ORGANIC REACTIONS 


TABLE XII 


DrBENZOQ'OIN'OLIZINES 


Name 

Condens- 

Temper- 

Yield 

Refer- 

ing 

Agent 

ature 

C C. 

% 

ence 

9, 10-Methjdenedioxy-6,7-dihydro- 





dibenzo[a,/]quinolizmium chloride 

P0C1 3 

140 

— 

323 


poci 3 

140 

36 

324 

,o'A% 

d- 

10 “ I T r 










13 1 

i 




2,3,9,10-Tetramethoxy-6,7,12,l3-tetra- 





hydrodibenzo[a,/]quinoludnium chloride 

POClj 

140 

— 

327 

I 

pools 

110 

- — : 

325 


POCI 3 

140 

40 

329 

2,3-EthyIenedioxy-9riO-dimethoxy-6,7-di- 1 



i 


hydrodibenzo[o,/]quinoUzituum chloride 

P 0 C 13 1 

110 


330 

o, 6 -Dihydro-SH-dibenzo[<i, 5 r]quinalizine 

POClj 

110 

>10 

43 


P:0 5 

205 ! 

>3S 

136 


P2O5 ! 

1 

205 

j 

>50 

i 

331 

13L 















u 





S-Hydroxj’-5,C,13,13o-tetrahvdro- 

SH-dibcnzoIo.jJquinolirine 

2,3-Methy!enedioyy-5,G-dihydro- 

P;0 5 

205 

— 

332 

SI I KHbonzo f 4 a,g]quinoUzmc 

3, lG-DimotboK>'-5,G-dihydro-SH-<Ii- 

poci 3 

110 

— 

56 

benzo’a.plquinolizine 

POClj 

110 



143 


POCI 3 OT 

— 

20 

144 


P;0 3 




3 ,11 -Dim c* t hoxv-5 ,C-dihy dro-SH -di~ 
l>c ni o*a , n olizi ne 

3-Mctho xy-S-ox o5, fxHHy dro-S H -di- 

POClj 

110 

06 

122 

benro'cr.^quinolizinc (after redac- 
tion 'i 

POClj 

100 

23 

333 
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TABLE XII — Continued 


DrBEtJZOQOTNOLlZDJES 


Name 

Condens- 

Temper- 

Yield 

Refer- 


Agent 

C C. 



2 , 3 -MethylenediQ\y- 8 - 0 'co- 5 , 6 -dihydrO' 

8 H-dibe>izo[a,glquinolizine 

3, 10-Dimet ho\y-8-oxo-5,6-dihy dro- 

POCI, 

no 

- 

56 

SH-dibeczofa.gtquinolizine (after 
reduction) 

POC1, 

100 

67 

334 

2,3, 10 , 1 1 -Bis(metby]ened joty)-5, 6 -di- 

hydro-SH-dibenzo[a,f]quinohzine (?) 
2,3-Methy]encdio'cy-10,ll-dimethoxy- 

PCls 

25 

25 

335 

5,6-dihydro-8H-dibenzo{a,jf]quino- 

lizine 

POCI, 

no 

_ 

35 

2,3-Methylenedioxy-I 1, 12-dime tho'cy- 
5,6-dihydro-SII-dibenzo[a,j]quinolizine 
2,3, 1 3,12-Tetr3n5ethoiy-5,G-dibydr!>- 

POCI, 

no 

>50 

189 

8 H-dibenzo[a, 0 ]quinolizme 

POCI, 

no 

— 

189 

2,3,0, 10-BLj (methylenedioxy)-S-oxo- 
5,6-dihydro-81I-dibciuo[a,$]quinolizine 
2,3-Mcthylenedioxy-9,10-dimcthoxy- 

POCI, 

no 

71 

336 

S-o\o-5,6-dibydro-8H-dibenzo(a,pJ- 

qumolizine 

POCI, 

no 

11 

337 

2,3-Diniethovy-9, 1 O-methylenedio.xy- 





8-oxo-5,6-dihydro-81I-dibenzo[a,sI- 

quinoluine 

POCI, 

no 

91 

336 

2,3,9, 10-Te trnmet hoxy-8-oxo-5,G-dihydro- 
8 H-d ibenz o[a, p]qui nolizine 
2,3-MethyIcnedioxy-lO, I I -dime! boxy- 

POCI, 

no 

- 

337 

8-o\o-5,6-dibydro-SH-d)benzo[a,}l- 

quinolizinc 

POCI, 

no 

— 

56 

5,6-Dihydro-S-oxo-SH-dibenzo[a,A]- 





quinolizine 

POCI, 

no 

Poor 

56 

22 





2,3-Me t hy lenedioxy-5,6iiihydro-S~ox»- 

FOCI, 

no 


56 

811 -dibenzola, AJquinoUzi ne 




140 


ORGANIC REACTIONS 




Condens- Temper- ^ 
ag attire „ 
Agent C C. I % 


2,3-Methylenediozy-ll,12-dimethoxy- 

5,6,8,9-tetTahj'drodibenzoIa,h]quino- 
lizirmxm chloride 

__ 


12CHjO'1^ # ^>io 

CH,0 

IX 

2,3,ll,12-Tetramethoxy-5,f5,8,0-tetra- 

hydrodibenzole/dquinolizinium 

chloride 

2,3 1 9,10-Tetramethoxy-7,12 1 12'i,13-tetni- 
hyd rodibenzoli.jjqthnolizinium 
chloride 

IX 42, 43, 1 

CHx° 1 rV >< S^ < VnOCH, 

8 0 5 4 


2,3,9,10-Tetramethcocy-5-vfcratnd- 
7,12,12o,13-tetnihj'drodiben2oI6,p3- 
quinolizinium chloride 
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Supplement to Table XII 


Amide That Could Not Be Ctculed 


Name 

Condensing 

Agent 

Temperature 

•c. 

Reference 

o-[N- (/)-Phe net hy 1) ca rbamy l) pht halide 

- 

- 

333 


“SujMiM and Kakemi. Per., 71, I860 (1938). 

“ Sugasaaa and Kakemi, /’roe. Imp. Acad. Tokyo, li, 214 (1933) [C. A., 37, 8421 (193S)1. 
•" Kakemi, J. Pham. Soc. Japan, 60, 2 (1910) [C. A., SI, 3717 (1940)]. 

“Sugasawa, J. Pham. Soc. Japan, 57, 1023 (1937) [C. A., 32, 3102 (1933)]. 

“ Leithe, Pec., 63, 2313 (1930). 

“ Leith e, Bcr.. 67, 1261 (1931). 

133 Chakravarti anil Nmr, J. Annamalai Unit., 1, 180; J. Indian Chcm Soc., 9,577 (1932) 
“ Chakravarti and Perkin, J. Chcm. Soc., 1929, 196. 

“SteVHU, J. Chrm. Soe.. 1935, 663. 

“ Haworth and Perkin, J. Chcm. Soc., 1926, 1769. 

“ Haworth. Koepfli, and Perkin, J. Chcm. Soc., 1927, 513. 

“ Sugaiawa and Kakemi, Proc Imp. Acad. Tokyo, 18, 62 (1939) (C. A., 33, 5401 (1939)] 
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ORGANIC REACTIONS 


Substituents 


TABLE XIII 


2-Caeboun'es 


Condensing 

Temperature 

Yield 

Agent 

C C 

% 


Reference 


A. 3,l-Dihydro-2-ai rbolines 



None 

PaOs 

140 

0 

S4 


PaOs 

205 

2 

84 


P 2 O 5 

110 

50 

339 

1-Methyl- 

P«0 5 

140 

56 

S3 

1-Ethvl- 

P 2 O 5 

140 

56 

84 

l-n-Propyl- 

PlOs 

140 

1 77 

84 

1-Isopropyl- 

P*0 5 

140 

40 

84 

1-n-Butyb 

POCli 

110 

92 

340 

l-n-Pc-ntadecj-I- 

POCh 

no 

93 

340 

1-n-Heptadecyl- 

POCli 

no 

SO 

340 

1-Phenvl- 

P-0 S 

140 

36 

341, 84 

l-(3,4-Dimetho:syphenyI}- 

P-Os 

140 

— 

341 

1-Beazyl- 

p*o 5 

140 

— ! 

341 


POCli 

so 

90 

81 

l-(o-Metbylbenzyl)- 

P;Os 

140 

63 

61 


POCb 

so 

S9 

342 

l,l'-TetTsmethylene-bis- 

POCl 3 

no 

99 

340 

l,l'-PentamethyIene-bis- 

POCli 

no 

94 

340 

1,1-Hexamethylene-bis- 

POCb 

no 

36 

340 

l.l'-Oetamethylene-bis- 

POCli 

no 

99 

340 

l-(X-Tosyl-3-piperidyl)- 

POCli 

60 

SO 

343 

l-(2-ChIoro-3-lepidylj- 

POCli 

100 

85 

343 

1,9-Dimethyl- 

PiOi 

140 

34 

84 

l-Methyl-3-carboxy- 

(CH 3 C0);0- 

— 

— 

111, 112, 


ZnCl* 



344 

(also methyl and ethyl esters) 

Various 



0 

345 

1 -Methvl-6-niethaxy- 

PrOs 

140 

5S 

84 

1 -"Me thy 1-7 -m e tb oxy- 

Pi0 0 - 

140 

78 | 

S3 

1-}^ le th vl-S-zneih oxy- 

PiO; 

140 

32 

84 

1 -E ihyl-O-methy]- 

P*.Os 

140 


84 

l-PheavV-O-irietliyl- 

POCh 

60 


346 

1 -Phenyl-3-ethyl- 

p-.o ; 

140 

SO 

SS 
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table niii— con/mun/ 


2-Carboum:'» 




II 


x °“ 

Tolyphos- 
phortc arid 

+ roci* 

125 

3G 

65 

1-Methyl- 

Poly phos- 
phoric acid 

+ rocij 

125 

5-15 j 

65 
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ORGANIC REACTIONS 


Supplement to Table XIII 


Amides That Could Not Be Cvclized 


Name 

Condensing 

Temperature 

Refer- 

Agent 

°C. 

cnce 

N-(Lepidyl-3-carboxy)tryp famine 

Various 


343 

N -Formyl tryptophan 

POClj orPC) s 


65 


133 Schopf and Steuer, Ann., 55B, 124 (1947). 

Hahn and Gudjons, Ber., 71, 2175 (193S). 

Wl Asahina and Osada, J. Pharm. Soc. Japan , 534, G3 (1920) [Chem, Zenlr., I, 1479 
(1927)]. 

Clcmo and Swan, J. Chem. Soc., 1946, 617. 
w Marion, Manske, and Kulkn, Can. J. Research, 24B, 224 (1946). 

M Harvey, Miller, and Robson, J. Chem . Soc., 1941, 153. 

^ Snyder, Hansch, Katz, Parmcrter, and Spaeth, J. Am. Chem. Soc., 70, 219 (1948). 
Manske, Can. J . Research, 6 , 592 (1931). 
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TABLE XIV 


Misctiusron Compounds 


Name 

Condens- 

ing 

Agrst 

Temper- 

ature 

•c, 

Yield 

Refer- 

ence 

1 -Fhcnylph (halarino 

03 

C,II. 

11CI 

>100 


24a 

l-Phenyl-5-mfthoxyphthaIaiine 

IIC1 

>100 

— 

24a 

I-Phenyf-7-me<hoxyphthaUzine 

ua 

>100 

— 

24a 

l-llenayl-7-methotyphlhaUiine 

iia 

>100 

— 

245 

l-Phenyl-f>,7-methylcncdi<nyphthalaiine 

roci, 

05 

— 

24a 

l*Phenyl-6,7-di methoxyphthalaiinc 

II CI 

>100 



l-I3ontyW,7-iiimclho’iyphihalaiinp 

IlCl 

>100 

53 

245 

l-Veratryl-CiJ-dimethoxyphthahuine 

1IC1 

>100 

— 

245 

l-MethyI-3,4-dihydfothiophonoI2,3-r]pyri- 

dine 

PtO,+ 

POCI, 

140 

50 

346a 

l-Phcnyl-3,4-dihydrolhiopheno[2,3-e]pyri- 

dine 

8,9-D i met hoxy-2, 3, 5, 6-tc t rnhydro- 

p»0,+ 

POCl, 

140 

00 

346a 

lll-bon-ZoJjJpyjrorolijiium chloride 

cS.O^, cr 

[Atlempted to prepare l-(ychloro- 
propyl )-6, 7-dime t horp-3, 4-d ihydroiso- 

POCli 




quinoline] 

5-Methyl-8,9-rncthylencdK>iy-2,3,5,6-tct- 
rahydro- 1 Il-bc nzofoipyrroeo iimum 

POCl, 


95 


chloride 

pocu 

no 
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TABLE XIV — Continue 

MlSCELLANXOCS Coi’POC.'.'DS 
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TABLE XIV — Continued 


Miscellaneous Compounds 


Name 

Condens- 

ing 

Agent 

Temper- 

ature 

“C, 

Yield 

Refer- 

ence 

2'0xo-3,4-<iimctho\y-6-pKenj I-S,8n-di- 
hydro-2H-furo[2,3,4-rf,e]isoquinoIine 

POCb 


21 

349 

10,il-Methylenedioxy-2,3,4,5,7,8-hc\a- 
hy dro- 1 H-a zepojci] isoq uinolinium 
chloride 

POClj 

110 

ca 70 

325, 179 

« 12 >|s 

7-Methyl-lO, 1 1-raethylenedioxy- 
2,3,4,5,7,8-hevafi} dro-lll-aiepa{a]is&- 
quinolinium chloride 

POCU 

110 


325, 179 

3-PhcnyI-8,9-dimcthoxy-5,6-dihydro- 

imidazo[5,l-a]isoquinoliiie 

P0C1, 

110 

60 

57 

30 ^,,, 

4, 9-Dime thy 1-1, 2-bcnxo-3-carbolme 

POCb 

110 


85 

CII, 

l-Methyl'3,4-dihydrothranaphtheno[2,3-<)- 

PjO s + 

140 

65-60 

3465 

pyridine 

POCIi 
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TABLE XIV — Continued 
Miscellaneous Compounds 
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Sitfpieiiest to Tab ix XIV 


Ampes Teat Cocid Not Be Ctcuze 3> 


1 

Name j 

l 

j 

Condens- 1 
Eg ] 

Agent i 

| 

Temper- j 
1 ature j 
Z C. | 

Refer- 

ence 

3-1 5-HorcooEihsIinadoethjl)mdo!e 

POC4 | 

i no 

342 

3-[3-{o-Casi»3ypbeayl3eetaiiiido}athj-I5n<IoIs j 

Vacuum 1 

\ 275 

356 

3-f3-(o-CsR»2^*iosvDbsiivl3cet2isido)«divli- 

i 

l 


indo!s j 

i Various : 

i ~ ! 

, 342, 356 

2-Fonnri-l-beaz7i-U25,4-tetsahydro-3-caifao5ns ! 

I — l 

! — j 

342 

• 

2- (o-JBsszsnu dophenyJ) pjri din e 

; Various 

* 1 

J 3AJ 

3-(o-Benzsmidao"=nTi}Dvridi2.e 

Various 


350 

2- A os tami d o-3-ph2n vlqnin o!iis e j 

Various 

f 1 

E ! 

3c0 

2-(o-Benrarri dophsnvl) quinoline 

Various 


350 

1 Pheo-rf-6-0?-b=B2AiBidoe;Gvl}-3,4--dIhTdToi=o- 

POO- or 

1 - 

to 

cniroliiie 

PCU 

! | 


l-Phenvl-5-(S-bsrizarridoe*l’rr)is<>aciro!ine 

! POCIs or 


to 


| pcu 



vT-7-( rArypn 7 e — .7-~ n^thvl)r=rVTTT7n. nftrV* 

* POCE 

i 135 

: 75 

9.Pn-r'--n‘do— -=thri— enrran 

POO- 


l 


iPi0 5 




jSOCl; 

i 

| 349 

6-(5-F oTcnanddcethTl}-L2.3,4-7etri!iydnx£rbA2o!2 

| POCIj 

i — 

j 357 

6-(3-Acfit£raido£thTi}-X J 2,3,^tetrahvdTOC£rba2o!5 

■' POO- 

j — 

f 357 

fj-CS-CarbxEoAyy.Tr i- c^rhvI}-ld?.3,4rietrahvdro- 

5 

! 

i 

csrhazole 

’ POCIj 

? 

[ — 

j 357 

2-Ph*^ vTS-be— do’^ 

i POC1: 
i 

; 35 

i 355 


7T_ Kerx, private cc~r.Tr inn rsrrsr. 
x - Herr. /. in. C?-em. Sor_ 72, 49?? (19-50 - 
~ 3rr^=r sni Yo=% J. At-.. Cr^-r-.. 70, 219S (I 945). 

rTsckaad lion*. J. Prrx. Bo-. Src. .V. 5. VTcUt, 73, 253 (1945) [C. A„ 34, 5S46 (1940’!- 

* Vestr*. Slack. and VTmnc. J C?-—-.. &-r_ IS 43, 316. 

— * Marion and Marr-Vc. Ccr- J. 2 j>--.ex?.. 153, 432 (I93?i .. 

— SdSrdg and AEa-j.-.r. HB-. Cr.in. Acia. 31 125 (1945). 

— Jo?:. firir. C?.s> a. Ado. 32, 1297 {194?}. 

=« Jc3a=. Kacse. M a^ gi. arc Merer. j. An. C?,— .. Son. 70, 2134 (1945)- 
— 1 5^h!i‘.:!er srd He.:. C f in. Adz, 21, 1150 (1945). 

^Scrrlx. He-*r Cc.iH. icis, IS, 923 (1935). 
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INTRODUCTION 

The Pictet-Spengler reaction, in its simplest form, consists in the con- 
densation of a S-arylethylamine with a carbonyl compound to yield a 
tetrahydroisoquinoline, and is a special example of the Mannieh reac- 
tion. 1 The condensation of phenethylamine with methylal in concen- 
trated hydrochloric acid to form 1,2,3,4-tetrahydroisoquinoline was 
achieved in 1911 by Pictet and Spengler, 2 giving substance to an in- 
genious theory concerning the origin of isoquinoline alkaloids in plants. 
The reaction was immediately extended by Decker 2 to the condensa- 
tion of substituted phenethylamines with various aldehydes including 
formaldehyde itself. Decker carried out the reaction in two steps as 
indicated by the following general equation. 



CH. 

RO^V 7 ' V CH- ho. 

i 1 

CH 

i 

P/ 



The intermediate azomethine is seldom isolated, though it is often 
formed before addition of the condensing agent. 

The Pictet-Spengler reaction has been applied to the synthesis of other 
ring systems also, notably dibenzoquinolizines and 2-carbolines. Typical 

examples are the preparation of 2,3,10,1 1-tetramethoxy-S-meihyl- 

5,6,13,13a-tetrahydro-SH-dibenzofa,p]quinoIizine (I) ( and l-methyl-1,2,- 
3,4-tetrahydro-2-carboline (tetrahydrohannan) (II). 5 Attempts to pre- 

1 B'J-k?. Or;. Rtcztiorj, 1, 303 (IMS). 

5 Picte*. and Spinster. Bcr., 44, 2030 (1011). 

J Dirrkrr and .Ann.. 335, 342 (1913). 

‘ Hahn and Schu!s. Brr.. 71, 2135 (10.35). 

1 Akabcri i=d Siito. Brr„ 63, 2245 (1930). 
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pare dihydrophenanthridmcs by condensing 2-aminobiphenyIs with 
atdehydes have so far been inconclusive. 5 - 
A minor variation of the reaction, which has been seldom employed, 
utilizes an N-hydroxymethyl or N-methoxymethyl ‘ derivative of the 
amine as starting material. '■ • These derivatives of homopiperonylethyl- 
amine are converted to N-ethylnorhydrohydrastinine (III) when heated 
with hydrochloric acid.* 



CH, Cfl, 

I 

OR 


R-HorCHi IU 

The use of concentrated hydrochloric acid as a catalyst in preparing 
tetrahydroisoquinolines was not satisfactory to those who sought the 
key to nature’s sj'nthetical transformations, and it was very much 
desired to effect the condensation under physiologically possible (zell- 
mdghch ) conditions. In 1934 Schopf and Bayerle 10 achieved a Pictet- 
Spengler type of reaction under conditions of temperature, concentra- 
tion, amf u crafty camparafrfc fo those evert ki pissts, & ad *YKt? 

** Whaley and White, unpublished results. 

•Merrk and Co., Cer. pat. 273.323 [FnW.. 1*. 761 (1914-1916)) 

> Merck and Co.. Ger. pat 2S0.502 (Fr<U., 1*. 760 (1914-1916)1- 

* Roscmuund, Ger. pat. 320, 4S0 [Frdt.. IS, SS3 (1916-1921)1- 

• IWnnmnd, Ger. pat. 336.153 (PrrfT.. IS, 8S4 (1916-1921)]. 

">Sch6p( and Bayerle, *4nn., SIS, 190 (1931). 
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then numerous applications have been recorded. For example, the 
previously mentioned reaction of tryptamine (/ 3 -indolylethylamine) with 
acetaldehyde to yield tetrahydroharman (II) may be carried out at 
pH 5-6 and 25° to give a 70% yield of product after three days. 
Condensation of 0-(3,4-dihydroxyphenyl)ethylaminc with homopiper- 
onal at pH 6 and 25° yielded S4% of l-piperonyl- 6 , 7 -dihydroxy-l ,2,3,4- 
tetrahydroisoquinoline (IV). 1 - 

CHiCHO 

pJI6 
25 ° > 

I 

CH; 


h °ty < 

/ NH 

CII 




O— CH; 


IV 


Naturally occurring phenvlacetaldehydes probably are derived from 
appropriate a-amino acids through the corresponding phenylpyruvic 
acids; Hahn n - u thought it probable that the a-keto acids were the 
actual precursors during biogenesis of isoquinoline alkaloids. Bi= 
hypothesis was supported by the preparation of 1 -benzyl-l-carboxj - 
6,7-dihydroxy-l,2,3,4-tetrahydroisoquinoline (V) under conditions which 
he considered biologically plausible. 1 * The reaction of pyruvic acids is 


CH; 



I! 

CCO;H 


CH; 

I 

C e H 5 


CH; 

H0 O\ /* H 

C 


/ \ 


HO;C CH 2 C&HS 


V 


11 Hahn and Lude^vig, Ber ^ 67, 2031 (1934). 

12 Sch op f and Salzer, Ann., 544, 1 (1940). 

u Hahn, Bartcarld, Schales, and Werner, Ann., 520, 107 (1935). 
14 Hahn and Werner, ^4nn., 520, 123 (1935). 

» Hahn and Stiehl, Ber., 69, 2627 (1936). 
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much slower than the reaction of aldehydes, and it has not been possible 
to decarboxylate the l-carboxy-l,2,3,4-tetrahj-droisoquinoline3 under 
mild conditions, so that Hahn’s hypothesis must be considered 
unlikely. 

These reactions involved in the biogenesis 0 f alkaloids are non- 
enzyrnatic and therefore depend entirely upon the use of extremely 
reactive intermediates. Frequently the reactive intermediates are diffi- 
cult to prepare and store, the reaction is slow, atid the yields are poor if 
the intermediates are not sufficiently reactive. Thus, the theoretical 
elegance of the method is offset considerably by the difficulty of its 
practical application, and at the present time it offers no threat to the 
popularity of the conventional Pictet-Spengler reaction for preparative 
syntheses with the possible exception of the 2-carbolines obtained from 
pyruvic acids. 18 '” 

The Adamkiewicz, Hopkins and Cole, and Rosenheim tests for tryp- 
tophan may involve the Pictet-Spengler reaction, for they yield 3-car- 
boxy-l,2,3,4-tetrahydro-2-carboUne, which is then oxidized to a char- 
acteristic blue pigment of unknown structure. 1 * 11 Color tests performed 
on 2-methyItryptophan were positive in the presence of mercury or 
copper salts, casting some doubt upon this hypothesis. 10 The base 
obtained in 1903 bj* Hopkins and Cole from the oxidation of tryptophan 
with ferric chloride in the presence of alcohol has been shown to be 
harman (l-methyl-2-carboline) (VI)- 11 



The theory that proteins are the parent substances of alkaloids was 
tested by Pictet, ~ 11 who heated casein with methyls! and hydrochloric 
acid, obtaining a mixture of pyridine and isoquinoline bases. Very 
small yields were obtained, and most of the products were not definitely 
identified. 

'* Hahn. Gw. pit. WJ.909 [Frcfl , 33, 570 (1936)1 
n llahn and Hansel, Btr., 71, 2163 (193S). 

“ Homer, Pnc Canbniije PM. See.. 16. 405 (1912) [C. A 6, 16» (I912)J. 
a Harvey, Miller, and Robson, J . Chen. Soc.. 19(1, 153. 

» liydon, J. Chem. See., 191S, 705. 

n Kermack, Perkin, and Robinson. J. Chen. See* 119, 1GC>2 (1921). 

B Pictet and Chou, Compt rend.. 163, 127 (1916). 

B Pictet and Chou, Bee., (9, 376 (1916). 
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T HE COURSE OF THE REACTION 

Mechanism of Cyclization. There has been no direct work on the 
electronic mechanism of the Pictet-Spengler reaction, 23 * but it does not 
seem nnlit-p. other examples of aromatic substitution by electrophilic 
attack. The intermediate Schig bases have been isolated in man} 
reactions and then cyclized as a separate reaction catalyzed by acid. 
A probable over-all reaction mechanism is illustrated with the synthesis 
of norhydrohydrastinine (X) from homopiperonylamine. The reaction 

CH 2 



x 


may be carried out with secondary amines also, in which case the iso- 
lable intermediate is the hydroxymethyl derivative VII, and the Schiff 
base VIII must lie by-passed because it cannot form ; loss of water by 
the hydroxymethyl derivative under the influence of acid yields the 
ammonium compound IX directh-. 

The validity of such a scheme for reactions conducted at pH 7 may 
well be questioned, though of course aliphatic amines of the type used 

Th " ir.-eLaaisrr. of the simpler Massich reaction \Or~zr.ir 1, 303 (19321 

Laa been xtndied by Alexander and Underhill. J. At-.. Cher-.. Soc.. 71, 4014 (1949). 
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have considerable tendency to form ammonium ions in the presence of 
water. 

Since pyruvic acids having no /J-hydrogen atom, for example phen)-!* 
glyoxylic acid, will not enter into the Pietet-Spengler reaction, it has 
been postulated that those pyruvic acids which can react do so as a 
result of cnolization followed by addition of the amine to the double 
bond in the enol (XI). 11 


OH 

HC=ic0 2 H 
C»H c 

XI 

Direction of Ring Closure. As in the Bischler-Xapicralski reaction, M 
the ortho position involved in the ring closure is almost invariably the 
one of greater electron density as required by the mechanism of the 
reaction. Condensation of the phenethylaroine XII with formaldehyde 
yielded only 6-methoxy-I,2,3,4-totrahydroisoquinoliae (XIII) and not 
the S-m ethoxy compound which would have resulted from cyclization 
in the alternate ortho position. The structure of the product was proved 
by oxidation to 4*metho.\yphthalic acid (XIV). n 

CH, C1I, 

CH,0[ Naif ncno j CII,Oj==^'j/' Va m | 

kJ in, ■»’ kA. />>'“ ' 

CB, 

XII XIII 

CII } Q^CO t H 

k^JcO.H 

XIV 

A 3,4-dialboxy-0-phenethy!amine invariably’ yields the 6,7-dialkoxy 
product upon cycffzati'on; the r,£-d> a tSoxy compound is never formed. 
It has been reported that treatment of liomopiperonjiamine or N- 
methylhomopiperonjiamine with formaldehyde and hydrochloric acid 
gave a product which was not identical with that obtained with the same 

* Whaley an<t Govindaehaii. Choanic Reaedons, 6, 74 (1931). 

*HeJ/er. Hel*. din. Ada, 7, 045 (1924). 
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reactants and under the same conditions by earlier investigators; the 
suggestion " that such new products could be 5 . 6 -methylenedioxy deriva- 
tives is untenable. 

If both ortho positions are activated by m-alkoxyl groups, cyclization 
occurs in both directions to yield a mixture of the two possible tetra- 
hydroisoquinoline derivatives. An example is found in the condensation 

of N-(^methoxybenzyl)homomyristicy!nmine (XV) with formalde- 
hyde. 17 The two products have different properties, but absolute 
assignment of structures by degradation vras not attempted. 



CHiO CET- 


1 


CH^O 


CH; 

Xv CH; 


H;C O CE- 


NCH;^> 


CH-0 


A historically significant example of the tendency for ring closure to 
occur para to an alkoxyl group is provided by the preparation of tetra- 
hydro-^-befberine (XVII) from 1-vera try In orhydrohydrasrinine (XVI, 1 - 
Pictet and Gams zuzi claimed that the product was identical with tetia- 
hydroberherine (XTHT) from natural sources, though they expressed 
surprise that the closure should have occurred at the Dosition ox lesser 
activation. Subsequently, Haworth, Perkin, and Ra nkin l: disproved 
this claim and established conclusively that tetrahydro-^bexberine 
CSX 11) is the only product of the reaction and tha t it is easily distin- 
guished from the natural product. These firuimm: have since been 
verified by SpathA- who discovered further that if the alkoxyl groups are 
replaced, by hyuroxyl groups the orientation rule becomes invalid and 
ring closure proceeds in both ortho positions with nearly equal facility. 


~ Ba-ia J. At-.. Cbm. S«, 55, 176-3 (1934) . 

" Eecsassn. WiKs^rver. srA. Icia. J. Or;. Crjrrr.^ 13, SS5 (10455. 
22 FLtnet z -d G ^r.% 44, 245*3 (1511). 

3 -tzA Gzr.t, Cvr-.pL. rvrA^ 153, 355 (1911). 

E 2 -=vr 6 h. Pyiis. ssd Radid-.. J. Crs—.. Scc^ 125, 1655 (1924). 
sjc.ti. mi .-. v. -i . 50, 341 (192S). 


2! 
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Thus, treatment of tetrahydropapavcroline (XIX) uith formaldehyde 
afforded equal parts of products XX and XXI (isolated after conversion 
to the tctramcthoxy derivatives norcorolydine and tetrahydropalmatine, 
respectively). By carrying out the reaction under physiological condi- 
tions, Schbpf* 5 obtained 80% of compound XXI. Apparently the 
presence of free hydroxyl groups in the benzyl residue activates the ortho 



positions to such an extent that instantaneous reaction is possible at 
whichever position is made available by random oscillation of the benzyl 
•ScMpt. Angtw. Chem., 80, 797 (1937). 
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group. Identical results were obtained with l-(a-methyl-3,4-dihj’droxy- 
benzyl)-G,7-dihydroxy-],2,3,'l-tetrahydroisoquinoline.“ 

Several ?/i-hydroxyphcncthylnmines have been condensed with alde- 
hydes and pyruvic acids, but in each instance only a single product has 
been isolated. The products have been tacitly assumed to be G-hydroxy- 
1,2,3,4-tctrahydroisoquinolines without considering the possibility of 
ring closure in two directions as discussed in the previous paragraph. 
Such an assumption was made in the synthesis of anhalaminc 31 but was 
withdrawn when anhalaminc was shown by degradative studies to be 
6,7-dimethoxy-S-hydroxy-l,2,3,4-tetrahydroisoquinorme. 35 

Condensation of /3-(2-naphthvl)ethylaniine with formaldehyde yielded 
only l,2,3,4-tetrahydro-7,S-bcnzisoquinoline (XXII), whose structure 
was proved by oxidation to mellophanic acid (XXII I). 30 Under similar 



XXII 


r^|CO z H 

H0 2 ck 5 ^J ) C0 2 H 

CO z H 

xxiii 

conditions /3-(l-naphthyl)ethylamine (XXIV) could not be cvclized. 35 
An attempted pen-cvclization of l-aminomethyI-2-methoxynaphthalene 
(XXV) was also unsuccessful. 3 ' The examples cited indicate that cycli- 



XXT7 XXV 

zation to the alpha position in naphthalene is much more likely than 
cyclization to the beta or the peri positions. The reaction of 

~ Spath and Kruta, Ber., 62, 1024 (1929). 

M Spath and Roder. Monaleh., 43, 93 (1922). 

° Spath, Ber., 65, 1778 (1932). 

* Mayer and Schnecko, Ber., 56, 140S (1923). 
r ^ e 3' an d Rajagopalan, Arch. Pharm., 277, 377 (1939). 
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Side Reactions. Although the Pictet-Spengler reaction employs the 
same reactants that are used to prepare phenolic resins and a host of 
less complex compounds, very few instances of definite side reactions 
have been recorded. Cyclization of /3-phenethylamine with methylal and 
hydrochloric acid has been found to yield mostly bis(/ 3 -phenethylamino)- 
methane. 41 Decker 3 found that treatment of homopiperonylamine with 
methylal and hydrochloric acid gave as much as 70% of a polymeric 
base, which could also be obtained if the methylal was replaced by 
formaldehyde. At 130° an Eschweiler 45 reaction occurred and 88% 
of hydrohydrastinine (XXXI) was obtained from homopiperonylamine, 
formaldehyde, and hydrochloric acid. A normal reaction occurred only 
if the Schiff base was prepared before addition of acid. 


h 2 c: 



•NCHs 


XXXI 


In the preparation of 2-methyl-5-ethoxy-l,2,3,4-tetrahydroisoquino- 

line a small amount of methylene polymer was formed, being detected 
by the strong hypotensive activity that it conferred upon the major 
product. 44 Such polymers were produced from primary, secondary, and 
tertiary amines, indicating that separate benzene nuclei were being linked 

“Hondo and Ochiai, J. Pharm. Soc. Japan, 495, 313 (1923) [C. A., 17, 3032 (1923)3- 
C Moore, Org. Reactions, 5, 301 (1949). 

" Baltzly, Buck, deBeer, and Webb, J. Am. Cftem. Soc 71, 1301 (1949). 
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together by methylene groups from formaldehyde, as in the production 
of a phenolic resin. Fractions corresponding to a dimer, a trimer, and a 
tetramer were isolated (XXXII, n = 0, 1, and 2, respectively). Frac- 
tions having free IIOCIIj — groups were also judged to be present. 



XXXII 


Side reactions are most commonly encountered in the so-called bio- 
genetic application of the Pictct-Spcnglcr reaction because the inter- 
mediates used are extremely reactive. Phenylacetaldehydes are easily 
resinified, especially in the presence of acids; pyruvic acids are unstable 
in the presence of amines; hyclroxy-0-phcnethylamines and hydroxy- 
tetrahydroisoquinolines arc susceptible to oxidation in the presence of 
air when in neutral or alkaline solution. As a result, the conditions of 
reaction are of primary importance in using these labile reactants, and 
the problems of their use are further mentioned under the heading, 
“Experimental Conditions and Condensing Agents.’’ 

A few secondary reactions have been encountered in which the hetero- 
cyclic system first formed was modified by further reaction of the 
1-substituent, resulting in compounds such as the lactam XXXIII 14 
and the quinolizine XXXIV. 17 



xxxiv 
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FACTORS AFFECTING THE EASE OF CYCLIZATION 

The mactmtv of the aromatic nucleus of the arylethylamine ol the 
nature of the carbonrl component are important to the success of the 
Pictet-Spengler reaction. It might be supposed that substituent* 
side chain of the aiylethylamine would have an mfluenceonthe^a 
cvclization comparable to that which they exert m the B^tde^api^ 
alski reaction, but the available data are insufficient even to pred 

validity of the supposition. ths 

Reactivity of the Aromatic Nucleus. It has been sho ^ 
Pictet-Spengler reaction is one which is facilitated by increase 
density at the point of ring closure. Few phenethylamines 
alkoxvl or hydroxyl group para to the position of closure av 
cyclized. g-Phenethylamine and phenylalanine were converted, 
corresponding tetrahvdroisoquinolines in approximately 3oy 0 jne 
treatment with methylal and hydrochloric acid.*- The first re= - 
been disputed by Kondo and Ochiai ,« who could obtain only a «- 
of the product. Cyclization of the hydroxy amme XAA' to 
hydroxytetrahydroisoquinoline XAA\1 took place quantitatn e y , 



OH 


CH 3 0 . C H 

XcH - 



xxxv xxxvi 

tvramine and tyrosine ” have also been cyclized in good yield, indi 
eating that the reaction does not require great activation. Contran 
wise, S-(o-ethoxyphenyl)ethylamme (XX.XYII) E - and l-Q>-methox> 


C;HsO . C H ; 

x:h- 

NH* 


CH- 

N:H. 


v\ / XH 

CH 


XXXVII 



XXXVIII 


c Kendo and T&nala. J. Pkm. fr*. Jcrc-t. 50, 115 (1030,* (In Eogltfh). 
« TrirV: sr.i Z .. 110, 234 (1320.*, 

« ViVUi-h. Bi-vrV-i. Z.. 49. 173 (1013,. 

« Id? zsA B'-trk. J. .1-.. CU-.. 59, 720 (1537). 
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TABLE I 

Trrci or CaitsosTt. CourosxNTj LVr.o in mr. PjcTTT-Srrscsxn Reaction 
(Mineral Acid Catalyst) 


Carbonyl Component 

T ._ ,. i 

E::ccitvene« 

t 

Reference 

j 

Formaldehvde 

Excellent 

Many 

Acetaldehyde 

Good 

5, 4 f 55 

Chloral 

— 

50 

Glvcolaldehvde 

— 

19 

Glvoxvlic add 

Fair 

19 

Paraldol 

— 

57, 5S 

o-KetojIuta.de add 

Fair 

35 

Glutardlaldehvde 

Good 

i 17 

Benxaldchvde 

Good 

1 3, 55, 19 

Salicvlaldehvde 

Good 

! 

o-Chlorobenra’dehyde 

Good 

; 59 

o-NUrobenxaldchvde 

Poor 

1 00 

n-Nitrobenzaldehyde 

Good 

! 59 

p-Niirobenxaldehvde 

Good 

oo 

p-Meihoxybennaldehvde 

Good 

i 59 

Pine renal 

Excellent 

; ci 

p-Dhuethylarninobenraldchyde 

Good 

1 55 

P he n vis ce‘. 2 .! d eh vd e 

Good 

| 55 

Homopiperonal 

j Poor 

| 62,63 

Hornoverstraldehvde 

[ Poor 

i 62 

n-Hy droxx-phenylsce ta! dehvd e 

Fair 

; 17 

jo-Metfcoxypheaylacetaldehyce 

[ Excellent 

t 55 

( * ~ t~» t> -•-yt q i aenvee 

| Good 

59 

Hy droednnsms] d ehvee 

j Good 

64 

c^Hydrox>'p'h^r:yIp>*niv: c sdd 

! Good 

, 15 

o-Nitrophenylpyrovic add 

{ Poor 

1 CO 

o-Cysn oph enylpyruvi c sdd 

1 Poor 

60 

3,4-Dimethoxyphenylpyrtrcic add 

j Fair 

17 


s Snydar. Bsnsi, Harr. Parm-rrer. and Spilth, -T. J.r-.. Cher-.. Ssc, 70, 229 (1945V 
* Tssi ■/. Pr.zrrz. Soa jgt.;-.. 45, 116 (192?; (i= Enribh). 
c Jacob; and Craig. Sder^z, S2, 421 <123o>. 

15 Jacob; and Craig. J . Bizi. Chen., 113, 733 (.19361. 

° TTeinbcti and Harrggg. J. Op. Ci.c-:.. 15, 675 (1533;. 
c Cia— o and Srrm. J. C?-rr-._ Soc., 1549, 457. 
c r’.cir'r-r— . aad H sSaar. Arc. 1 ., pharrz., 274, 153 (1535). 
c Spedb and Berger, Bs-., 63, 2035 (1930). 
a Spati. Sadder. sad Hesrder. Ber_ 70, 1017 (1937). 

* Kfib and Scad-pi. Gar. par- 725,173 [C. _4_ 37, 6277 (194331. 
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Nature of the Carbonyl Component. Formaldehyde and methylal 
have been the carbonyl compounds most frequently employed in the 
conventional Pictct-Spcngler reaction. Formaldehyde has given excel- 
lent yields in a great number of instances and is definitely to be preferred 
to methylal.*-” Tctrahydropapaverine was cycb'zed to norcoralydine 
(XL1) in 4G% yield using methylal, whereas a 69% yield was obtained 
with formaldehyde under the same conditions.* 1 In Table I are listed 
representative aldehydes and pyruvic acids that have been used in the 
Pictct-Spcngler reaction with a mineral acid os catalyst. 

In the second column of the table an attempt is made to indicate the 
general effectiveness of the carbonyl component in the cyclization, 
though the judgment in many cases is based on only one experiment. 

Good yields are usually obtained with formaldehyde, which is appar- 
ently the most effective of the aldehydes. The very poor results with 
homopipcronal and homoveratraldeliydc result from their instability 
in the presence of hydrochloric acid.* 1 ** The phcnylacetnldehydes hav- 
ing fewer substituents give better results but are also easily resinified. 
Tryptophan failed to condense with crotonaldehyde, 67 chloral hydrate,** 
chloroacctal ,** or formamide.** 

The foregoing remarks have pertained to the conventional Pictet- 
Spenglcr reaction; the following are confined to the use of carbonyl 
compounds under simulated biological conditions. 

The importance of formaldehyde in phytochemical processes is un- 
questionable, and it is surprising that there ore only two recorded in- 
stances of its use in the Pictct-Spcngler reaction under physiological 
conditions. Tryptophan and formaldehyde at pH 6.5 and 38° for 15 
hours yielded 80% of product XLII. 11 The excellent yield of norcoraly- 


CH* CHj 



XLII 


dine (XLI) obtained by condensing tetrahydropapaverine with formalde- 
hyde has been noted. Under the same conditions tetrahydropapaverine 
and acetaldehyde would not react. 4 No carbonyl compound other than 
formaldehyde has been condensed in acceptable yield with an arylethyl- 
amine activated only by alkoxyl groups. Less reactive aldehydes or 
ketones require the great activation of free hydroxyl groups or an indole 
nucleus. 

* Snyder, Parmerter, and Kat*. 3. Am Chem Sac , 70, 222 (194S), 
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Hahn found that tryptamine condensed castty with ««ttddAsdc 
(70%) and phcnvlacetaldchydc (90%), but less easily with 

SSrow). 

(4S%) “•» No condensation occurred with lndrox\ and niK 
oldohvdcs elvoxal, D(+)Blucosc f and citral » He considered that the 
condensation with aldehydes under physiological conditions "as ' 
much dependent upon the nature of the aldehyde. 

Hahn and co-workers believed that pyruvic acids rcnc ^" ,c ^ ^ 
easily with tryptamine and m-hydroxyphcnolhylnm.nes than do a 
hvdes 13 They found that nuclear nlkoxvl substitution of art p 
acids decreased their reactivity and that no reaction occurred if the 
pvruvic acid lacked a hydrogen atom (trimcthylpyruvic acid and 
phcnylglyoxylic acid) or contained a basic substituent (, 

pyruvic and 2-quinolyl pyruvic acids). ... „tion of 

The data in Fig. 5, p. 171, show that increased alkoxyl substiti 

pyruvic acids does not always result in decreased yields * 

Convincing evidence has been presented by »-chopf to con 
the results of Hahn. Schopf “ pointed out that Hahn used lughe 
centrations than were likely to obtain in living cells, and that the rej 
mixtures were not homogeneous. Self-condensation of the s “ J 
phenylacetaldehydes to form resins was a natural result, of thei 
outside the aqueous phase. Repetition of the experiments at pr P 
dilutions showed that the aldehydes react hundreds of times faster 
the pyruvic acids. Some of Schopf’s results have been plotle 
Fig. 2, p. 170, to demonstrate that homopiperonal condenses much more 
rapidly with 3,4-dihydroxy-/3-phencthylamine than does 3,4-methy ene- 
dioxyphenylpyruvic acid. 


EXPERIMENTAL CONDITIONS AND CONDENSING AGENTS 

Laboratory Conditions. The Pictet-Spengler reaction may be carried 
out by heating the amine with a slight excess of aldehyde and a con 
siderable excess of 20-30% hydrochloric acid at 100° for one-half hour 
to six hours. Many amines and aldehydes have been heated toget er 
for an hour or so to form the azomethines, which were then heated a 
100° with aqueous hydrochloric acid to effect cyclization. Some ime= 
tigators have found the two-step method preferable. 3 In rarer instance^ 
the Schiff base has been isolated and purified before being cyclized "it 
aqueous or ethanolic hydrochloric acid. 39 

As suggested in the previous paragraph, aqueous hydrochloric aci 
has been the favorite condensing agent for the preparation of tetra 


<* Hahn and Rumpf, Ber., 71, 2141 (19SS). 
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hj-droisoquinolines. In n study of the condensation of Schiff bases 
derived from substituted benzaldchydes and bomovera tryjaroine, using 
three reaction media (hydrogen chloride in benzene, aqueous hydro- 
chloric acid, and ethanolic hydrogen chloride), it has been shown that 
the optimum medium for condensation of a Schiff base can be determined 
only by trial.** Usually one reaction medium would give good results 
and the other two would cause hydrolysis of the azomethine or gum 
formation. For no obvious reason, aqueous sulfuric acid has enjoyed 
greater popularity in the synthesis of tetrahydro-2-carbolines. At times 
the hydrochloride of the amine has been used without further addition 
of acid, and in his condensation of tetrahydropapaverohne with formal- 
dehyde Spiith 11 did not use any condensing agent. 

The occasional use of hydrobromic aeid, M phosphorus oxychloride,* 7 
phosphorus pentoxide, 1 acetic anhydride,** or methyl iodide * 5 has not 
conferred any special advantage. 

Physiological Conditions. In carrying out the Pictet-Spengler reac- 
tion under physiological conditions the amine and aldehyde may be 
dissolved in an appropriate buffer solution, or, alternate ely, the amine 
hydrohalide and aldehyde may be dissolved in water and the pH ad- 
justed by addition of alkali. The solution is then set aside at a moderate 
temperature (25-40°) until the reaction has proceeded to maximum 
yield. The time allowed for reaction may vary from one day to several 
weeks, depending upon the reactivity of the system. 

Although some workers have used concentrations of reactants as high 
as 0.3 M, it is believed by Schopf that such concentrations are unnatural 
and that to ensure physiological conditions one must use 0.01-0.04 ,1/, 
solutions. 1 * In fact, some of the reagents, especially substituted phenyl- 
acetaldehydes, are not sufficiently soluble to afford 0.3 M solutions. w 
Workers using those concentrations have apparently had heterogeneous 
Systems, and the data obtained therefrom are of questionable value. 

The hydrogen-ion concentration of the mixture may lie between pH 3 
and pH 8, and Figs. 2-5 show that there is no consistent relationship 
between pH and yield of product. In nearly all reactions, however, the 
optimum pH lies in the region of 5-7. The principal deterrent to the 
Use of pH 7 and above is the danger of oxidation by atmospheric oxygen 
of the reactants and the products. 1 *- 1 * Though the curves suggest that 
an increased yield could often be obtained at higher values of pH, 
reactions conducted in the neighborhood of pH 7 must usually be of 
short duration if a product is to be isolated at all, and the increased 
speed of reaction cannot be put to practical use.** 1 * 

B Decker, Grr. p*t. 237.13S [FrtS.. 11, 100t (1912-1914)1- 
** Hoshina and Rotakc, .Inn., 516. ”6 (1935). 
m C. Schopf, private communication- 
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with 3,4-dihydroxy-0-phencthyl- Fia. 5 Condensations with 3,4,5-trihydroxy-/J-plioncthyl- 
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Ultraviolet light has beet shown to have a definite catalytie eSeet 

"The^extotTcyclization can be determined only % 
characterization of the expected product. Hal react i on with 

that whereas 90% of the homopiperonal disappear r ed m 7 methy]ene . 
homopiperonylamine at pH 5, only % o ( pipe ' Apparently the 
dioxy-i,2,3,4-tctrahydroisoquinohne could be isolate . PP 
disappek^ce of the initial reactants is not aecomP«med to a cor^ 
spending degree by cyclizat.on, because one of the e « de .^ nmonia . 
process is slower than the initial formation of an aldehyd 

Schonf 12 has verified this disclosure. _ . . n e vields 

The curves plotted in Figs. 3-5 reveal a perplexmgvana Uon o y* 
under different conditions for several reactants There ‘ and 

correlation between the structure of similar carbonyl comp q{ 

the effect of pH upon their reactivity with a single amine. A B 
explanation for this may be found in the 
Spengler reaction embodies several steps, all of which may n 
affected by varying the substituents in the componen f 

mixture, imposed upon these effects are the -sun ca mn * 
phenylacetaldehydes at high hydrogen-ion concentrations, the 
of pyruvic acids in the presence of amines, and the air oxid t , 

hydroxyphenethylamines and hydroxytetrahydroisoquinohnes 

or alkaline solution. 


EXPERIMENTAL PROCEDURES 

6-M ethoxy-1, 2, 3, 4-tetrahydroisoquinoline. !S (Schiff base 
condensed with hydrochloric acid.) Twenty-five grams of 2 /o 
dehyde solution was added dropwise to 24.5 g. of /3-(m-methoxyp i e 
ethylamine. The warm, clear solution soon deposited an oil an 
reaction was completed by heating the mixture for one hour on 
water bath. The oil was extracted with benzene, and the extract 
washed with water. Distillation of the benzene left the azomet ine, 
viscous, colorless oil (100%), which was dissolved in 32 g. of 20% n> 
chloric acid and evaporated to dryness on the water bath. The crys 
line mass was dissolved in a little water, made alkaline with concent ra e 
potassium hydroxide solution, and extracted with ether. Distilla io 
of the extract yielded 21.3 g. (80%) of the pure tetrahydroisoqumohne, 

b.p. 143-144°/6 mm. 

l-Methyl-6,7-dihydroxy-l,2,3,4-tetrahydroisoquinoline. 10 (Use oi ^ 

aldehyde under physiological conditions.) A solution of 1.87 g- 
/ 3 -( 3 , 4 -dihydroxyphenyl)ethylamine hydrobromide and 0.79 g. of aceta 
dehyde in 200 ml. of water was maintained at 25° for three days. e 
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precipitate was extracted with ether. Evaporation of tt » , eth« tndeUed 
the product as a crystalline residue weighing o.O g. (8 %)• 
crystaUization from 50% ethanol, the carbohne melted at 179 W • 
l-Benz J l-l,2,3,«etrah,dro-2-carboline.‘' (Condensa .on ™tt. phea 
ylacetaldehyde under physiological conditions.) Anuxtu 

0.2 M tryptamine hydrochloride (150 mg.) and 4 ml. o p osp , ken 
(pH 6.2) was treated with 150 mg. of phenylacetalde y , 
vigorously, and then allowed to stand at 25° for t he 

The unreacted aldehyde was removed by extraction wrth e , Jved 
phosphate of the product was collected by filtration. It wa ^ 
in water, and the base was freed by addition of ammonia. . , 

product was dissolved in methanol and converted to its 
by saturation with dry hydrogen chloride. The sparingly so 
weighed 180 mg. (90%) and melted at 278°. , 

ldBenzyW-cmboxyn,2,3,4detrahydro-2-carboline.' 3 (Use of ph Y 

pyruvic acid under physiological conditions.) A solution o ■ • 

phenylpyruvic acid and 1 g. of tryptamine hydrochloride in £o • 
water and 15 ml. of acetate buffer (pH 3.8) was placed m a thermos: 
at 37°. After a few hours a yellow precipitate began to separa e, 
seven days the precipitate weighed 0.9 g. (59%); after thirteen 
the yield was 1.15 g. (75%). The amino acid was dissolved in aqueo 
ammonia and precipitated as fine needles by boiling off the ammoni 
decomposed at 253° with evolution of carbon dioxide. 


TABULAR SURVEY OF THE PICTET-SPENGLER REACTION 

Explanation of Tables. It has been intended to include in the follonuh5 
tables all examples of the Pictet-Spengler reaction published before u . 
1949. The compounds in the tables are listed in order of incrcasio^ 
substitution upon the basic nucleus. Among compounds having 
same number of substituents, precedence has been given those having 
substituent at the point of ring closure (position 1 for isoquinolines an 
2-carbolines). Compounds with a substituent at the point of eycliza io 
have been arranged in order of increasing complexity of that substituen 
(alkyl, aryl, aralkyl, heterocyclic). Data for more than one preparation 
of a single compound are listed in order of increasing yield. 

Duration of the reaction has been indicated, where possible, for synt e- 
ses under physiological conditions by an additional entry in the column 
“Condensing Agent”; the abbreviations used are hr. (hours), d. (days)) 
wk. (weeks). 

Nearly all patents were consulted in the original, although secondary 
references are given for the convenience of the reader. 
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TABLE II 

l,2,3,4-TETiuurDKoisoquisouNE3 



G-Mcthoxy- 

6- Etlioxy- 

7- lIydroxy- 

2-Mcthj 1-C-mcthoxy- 

2- Met hyl-6-cthoxy- 

3- 1’hcnj l-6-mctho\y- 
3-Cm bo xy-6-mct lioxy- 
3-Carboxy-7-hydroxy- 


4- IIydroxy-5-methoxy- 

5.6- Dimethoxy- 

5- E t hoxy-6-mc I hoxy- 

6.7- Methylenedioxy- 


6.7- DLmethoxy- 

0- Mcthoxy-7-ethoxy- 
6*Ethoxy-7-mcthoxy- 

6.7- Diethoxy- 
x,r-Mcthylcnedioxy- 

1- Methy l-C,7-dihydroxy- 
l-Methyl-6,7-jnethj lenedioxy - 


Condensing 

Agent 

Temper- 
ature, °C. 

Yield 

IIC1 

100 

_ 

HC1 

140 

Trace 

1IC1 

100 

Poor 

na 

100 

36 

IICl 

100 

— 

1IC1 

100 

37 

IICl 

100 

61 

IICl 

100 

— 

IICl 

— 

SO 

net 

100 

— 

IICl 

100 

— 

IICl 

100 

— 

IICl 

100 

— 

IICl 

— 

95 

IICl 

100 

— 

IICl 

100 

0 

IICl 

100 

70 

IICl 

100 

100 

IICl 

60 

100 

IICl 

100 

— 

IICl 

100 

— 

IICl 

— 

— 

IICl 

100 

— 

IICl 

100 

19 


100 

60-70 

ho 

100 

85 

IICl 

100 

— 

IICl 

100 


IICl 

100 

— 

Ha 

100 

— 

HCl 

100 

— 

HC1 

100 

— 

pH 5; 3 d. 

25 


iici 


— 

pH 5; 16 d. 

25 



07,70 

75 

30,50 


ggg 
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TA DLl'l 1 1 — Coni in uni 


1,2,3,- 4«Ti/rjuiiY]iUui>u>Qi;iNou.VKH 


SukslitucnU 

Condcn.-iiij; 

i ... 

Iwujk-r- 

I 

1 Yield 

I 

\ 

j Ih-f.-r- 
j cute 

l-Phiovyl-0,7-raothyk-tit.dioxy- 

POC1, 

\ 

| SO 

i 

G7 


1IC1 

100 

31 

50 


ik:i 

— 

( l«Xxl 

3 


ill'j or SOCI. 

100 

Truce 

50 


pH 10 d. 

23 

0 

50 

l-l’hctiyi-O.T-dimcthoxj’- 

l-(o-Hydroxyphenyl)-0,7-di- 

ua 

100 

50 

59 

Jurlhoxy- 

l-(/>-Hydroxypkenyl)-G,7-di- 

11 Cl 

100 

78 

50 

methoxy- 

Me thoxy phony l)-0,7-<ii- 

nci 

100 

S3 

CO 

methoxy- 

1IC1 

•SO 

73 

5!) 

l-(o-Chloropheoyl)-0,7-dimethoxy- 

HC1 

100 

71 

59 

l-(m-Nitroplumyl)-G,7-dimothoxy- 

T(2-lIydroxy-5-ch!orophimyl)- 

ItCl 

100 

SO 

59 

0,7-dimethoxy- 

l-(3,l-Muthyleuedioxyphenyl)- 

HCI 

100 

GS 

59 

G,7-mcthylunedioxy- 

l-(3,-t-Dicthoxyphcnyl)-0 1 7-<li- 

POCIj 

110 

— 

G7 

methoxy- 

l-(3,l-Dihydroxybcnzyl)-2-mcthyl- 

IIC1 

100 

SI 

59 

7-hydroxy- 

pH 1.2 

— 

— * 

76 

1-Pipcronyl-G, 7-dihydroxy- 

pH 1; 11 d. 

23 

SO 

12 


pH G; 1 d. 

25 

S-l 

12 

l-Piperony]-G,7-metbyk'ncdioxy- 

1>U 5; S d. 

23 

5 

53 


HC1 

100 

2 

03, 54 

l-Vcratryl-G,7-dimethoxy- 

1ICI 

100 

7 

G2 

l-(iJ-Phenethyl)-G, 7-dihydroxy- 

HI3r 

SO 

75-S0 I 

G-l 

l-Styryl-G,7-mcthylcncdioxy- 

I1C1 

— 

— i 

07 

2-(m-Mcthoxybenzyl)-3-carboxy- 

HCI 

SO 

70 J 

59 

6-methoxy- 

HC1 

100 

— 

73 

2-Methyl-5,6-dimcthoxy- 

HCI 

100 

— 

2G, 16 

2-A[ethy[-5-ethoxy-6-mothoxy- 

HCi 

100 

— 

50 

2-1 Iethyl-G,7-methylencdioxy- 

IPSO, 

100 

— 

9 


P 2 Oi 

no 

— 

7 


HCi 

130 

— 

77, 78, 

•36 


HCI 

130 

SS 

3 

2-!Iethyl-x,x-methyIenedioxy- 

HCI 

100 

— 

26 
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TABLE II — Continued 


3,2,3,4-Tetrahtdroisoqcinqlin'es 


Substituents 

Condensing 

Agent 

Temper- 
ature, °C. 

Yield 

% 

Refer- 

2-Metliyl-6,7-dimethoxy- 

IlCt 

100 


26 

2-Methj l-G-methoxy-7-ethoxy- 

net 

100 

— 

50 

2-Mothyl-6-cthoxy-7-mcthoxy- 

HC1 

100 

— 

50 

2-Methyl-6, 7-diethoxy- 

HC1 

100 

— 

50 

2-Ethy 1-6,7-methy lenedioxy- 

HiSO« 

90 

— 

9 


HC1 

100 

— 

77,7 

3-Methy 1-6,7-methy lenedioxy- 

HC1 

100 

— 

8, 9, 7 

3-Pheny 1-0,7-methy lenedioxy- 

HC1 

— 

93 

61 

3-Phenyl-6,7-dimethoxy- 
3-(3,4-Met hy lenedioxy pheny 1)- 

HC1 

— 

94 

61 

6,7-methy lenedioxy- 

HCl 

— 

87 

61 

3-Veratroyl-6,7-methylcnedioxy- 

HC1 

100 

Good 

39 

6,7-Dimethoxy-S-hydroxy- 

HCl 

100 

14-30 

34 

6,S-Dimethoxy-7-carbct hoxy- 

HCl 

100 

23 

34 

l-Methyl-l-carboxy-6,7-dihydroxy- 

pH 4.2; 2 d. 

25 

95 

79 

l-Methyl-l-c&rboxy-6-hydro\y- 

pH 4; 4 d. 

25 

92 

15 

7-methoxy- 

pH 5; 20 hr. 

25 

85 


l,2-Dimethyl-6,7-dihydroxy- 

l-Phenyl-2-ethyl-6,7-methylcne- 

pH 4; 3 d. 

25 1 


10 

dioxy- 

HCl 

150 

— 

77 


POCL 

60 

— 

77 

l-Denzyl-l-carboxy-6,7-dihydroxy- 
I-Bcazyl-3-methyl-6,7-methy lene- 

pH 6; 5 d. 

25 

87 

15 

dioxy- 

l-(o-Hydroxy benzyl)- 1 -car boxy- 

HCl 




6,7-dlhydroxy- 

l-(m-Hydroxy benzyl)- 1 -car boxy- 

HCl 

100 



6,7-dihy droxy- 

l-(m-I ly droxy benzyl)- 1-carboxy- 

pH 5; 12 d. 

25 



6-hydro xy-7-met hoxy- 
l-(p~Hydroxy benzy l)-I-carboxy- 

pH 7; 30 hr. 



66 

6,7-dihydroxy- 

pH 3 S; 12 d. 

25 



pH 6; 12 d. 

25 



I- Vaniily l-I-carboxy-6, 7-dihydroxy- 

pH 4.2; 4 d. 

25 

67 

79 

l-V&nillyl-l -carboxy-6-hy droxy- 

pH 5.5; 2 d. 

25 



f-methoxy- 

1-Pipcrony l-3-methyl-6,7-meti> 1- 

pH 64; 9 d. 



66 

cnedioxy- 

HCl 
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TABLE II — Continued 


1,2,3,4-TETKAHTDEOISOQDIKOLDfES 


Substituents 

Condensing 

Temper- 

Yield 

Refer- 

Agent 

ature, °C. 

% 

ence 

l-(fJ-Phenethyl)-2-methyl- 






6,7-dihydroxy- 


HBr 

SO 

— 

64 

l-Styiyl-2-methyl-6,7-dihydroxy- 


HBr 

SO 

— 

64 

l-Styiyl-3-methyl-6,7-dihydroxy- 


HBr 

80 

— 

64 

2,3-Dimethyl-6,7-methylenedioxy- 

2-(m-Methoxybenxyl)- 


HC1 ! 

100 

— 

8, 9 

6,7-methylenedioxy-S-methoxy- 






and 


HC1 

100 

— 

27 

2- (m-Methoxybenzyl)-6-methoxy- 
7,8-methyIenedioxv- 

3- Pbenyl-6,7,8-trimethoxy- 
l-MethyH-earboxy-6,7,8-tri- 


HC1 

— 

SO 

81 

hydroxy- 


pH 4; 15 d. 

25 

70 

66 



pH 7; 15 d_ 

25 

88 

66 

1, 3-Dime ihyl-2-(-/-phenylpropyl)- 
6,7-dihydroxy- 
1-Benzyl-l-carboxy- 


HBr 

90 

— 

64 

6,7,8- txihydroxy- 


pH 8; 1 d. 

25 

78 

66 

l-(m-Hydroxybenzyl)-l-carbosy- 

6,7,8-trihydroxy- 

l-(p-Hydroxybenzyl)-l-carboxy- 


pH 7; 1 d. 

25 

68 

66 

6,7,8-trihydroxy- 


pH 3; 20 hr. 

25 

47 

66 



pH 7; 20 hr. 

25 

75 

66 

l-VaniUyl-l-carboxy-6,7,8-tri- 






hydroxy- 


pH 7.8; 2 d. 

25 

68 

66 

l-IsovanilIyH-carboxy-6,7,&-tri- 

hydrosy- 

l-Veratryl-l-carboxy-6,7,S-tri- 


pH 7; 2.5 d. 

25 

37 

66 

hydroxy- 


pH 7; 6 d- 

25 

52 

66 



pH 3; 6 d. 

25 

57 

66 

l-(3,4,5-Trimethoxy benzyl)- 






l-carboxy-6,7,8-trihydroxy- 


pH 3; 4 d. 

25 

59 

66 


' 

pH 7; 4 d. 

25 

74 

66 
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Supplement to Table II 
Unsuccessful Reactions 


Carbonyl 

Component 


Conditions 


|3-(o-Ethoxyphenyl)ethy lamine 
0-(»i-Aminoethylpheny l)ethy lamine 

0-(p-Elhoxyphen>!)ethylamine 

N-Benzylphcnylalanine 


Formaldehyde 

Formaldehyde 

Benzaldehyde 

Formaldehyde 

Formaldehyde 

Mcthylal 


HCl 

IiCl 

Various 

HCl 

HCl 

HCl 


50 

82 

82 

50 

73 

73 


N-Methyl-i3-(o-ethoxyphenyl)- 
ethy lamine 

N-Methyl-^-(p-ethoxyphcnyl)- 
c thy lamine 

0-(3-Methoxy-4-hydroxyphenyl)- 

isopropylamine 
w-Aminoacetoveratrone 
0-(p-Methoxypheny l)-a-phenethy 1- 
amine 

<H2,4-Dimcthoxy pheny l)-of-phen- 
ethylamine 

^-(p-Methoxj-phcnyl)ethylamine 
Homopipcronylaminc 
llomoveratry lamine 


Adrenaline (and its ethers) 


Formaldehyde 

Formaldehyde 

Methyls) 

Formaldehyde 

Formaldehyde 

Formaldehyde 
Pyruvic acid 
Pyruvic acid 

3. 4- Dime thoxypheny 1- 
pyruvic acid 

o-Ethoxy be tu aldehyde 
Pyruvic acid 
Py ruvic ester 

3.4- Dimethoxypheny 1- 
pyruvic ester 

Acetaldehy de 
Phcny lacetaldchyde 


HCl 

IICl 

HCl 


HCl 

HCl 

PhysioL 

Physiol. 

PhysioL 

HQ 

Physiol. 
Phy sioL 
Physiol. 

PhysioL 
Phy sioL 


50 

50 

52 


61 

61 

15 

15 

15 

59 

15 

15 

15 

15 

15 


demo and Swan, J. CKm. Soc.. 1916. 617. 

» Julian, Karpel, Masnani. and Meyer. J. . At*. C 
n Chakra varti and llao. J CUm. See.. 19M, 172. 

** Pictet and Gams. Compt. remi. 152. 110- (1911). 
a Pictet and Gams, Btr.. 44. 2036 (1911). 

*52 

» DccVer. Gcr. pat. 251.547 [Frdl.. U. .56 (1914-1916)1. 
» llahn, Cer. pat. 616.706 IFrdL. *4, 09CTh 

- Wolfes. Ger. rat. 551.STO [f nfl.. 18. 

- Iteicbert and Hoffmann. Arc*. 

“ 1-eup.a and Dahn. licit. Ck>~- Acta. SO. 1M5 (1917). 
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ORGANIC REACTIONS 


TABLE in 


Benzisoquinolines and Naphthisoquinolinb 


Name 

Condensing j 

Temper- 

Yield 

Refer- 

Agent 

ature, °C. 

% 

ence 

1. 2.3. 4- Tetrahydro-7,8-benz isoquinoline 

1.2.3.4- Tetrahydro-5,6,7,8-dibenziso- 

HC1 

100 

11 

36 

quinoline 

l,2,3,4-Tetrahydronaphth[l,2-/i]- 

HCI 

100 

65 

38 

isoquinoline 

HC1 

100 

70 

38 

















Supplement to Table III 

Amines That Would Not Condense with Eo rmal dehtde 


Name 

Conditions 

Reference 

/J-(1-Naphthyl)ethylamine 

HCT 

36 

l-Arr.Inomethyl-2-methoxy naphthalene 

HCI 

37 

£-[2-(9,10-Diliydrophenanthryl)]etliyIamine 

HCI 

83 

fJ-[2-(7-Methoxy-9,10-<iihydrophenanthryl)lethylamine 

HCI 

83 

/5-(3-Phenanthryl)ethylamine 

Ha 

38 


Stuart and llosettig, J. Am. Chem. Soc., 62, 1110 (1940). 
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TABLE IV 

BeNZOQUIN-OUXINS ANI> DlBENZOqClSOLmKES 


• N '"“ 

Condensing 

Temper- 

Yield 

Refer- 

Agent 

ature, "C. 

% 

encc 

1,2,3,4,6,11-IIcxahydro-llaH-beiuo 

[AJquinolima 

c® 

5,6,13,1 3a-Tctr&hydro-SH-<libenxc>- 

uci 

- 

Poor 

S4 

[a,}]quinoliline 

IlCl 

— 

— 

85 

4^, 

1JC1 


0 

86, S7 











it 





2,3-Methylcncdioxy- 
2,3,9, IQ-Te<rah) droxy- f 

lid 

- 


85 

and | 

— 

100 

| 15 1 

31 

2,3, 10, 1 1 -Tetrahydrory- J 

pH 5 

j __ 

90 

32 

2,3-Methylenodioxy-lO-hydroxy- 





11-mclhoxy- 

— 

— 

— 


2,3,1 l-Trimclboxy'10-liydroxj'- 

Hd 

— 

— 


2,3, 10,ll-Bis(mcthylcncdioxy j- 

lid 

100 

53 



lid 

— 



2,3-Mcthyfcnedioxy- 10, 1 1- 

uci 

100 

37 

90, 30, 

dimcthoxy- 




26, 29 


Hd 

100 



2,3-Dimethoxy-lO, 11-mcthj lcne- 





dioxj-- 

— 

— 

— 


2,3, 10, 1 l-Tetr&mc Ihoxy- 

HCl 




pH 4; IS hr. 

23 

>60 




103 


€S, 12, 





93 


Hd 

100 

93 

94 

2,3, 1 1 , 12-Te tiametboxy- 

HjSO. 

100 

— 

95 

ird 

100 
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TABLE IV - — Continued 
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TABLE TV — Continued 


BENZOQUINQLIZINE3 ASD Dibenzoquinouzines 


Name 

Condensing 

Temper- 
ature, °C. 

Yield 

% 

Refer- 

2, 3,9, 1 O-Tc trame thoxy-7, 12, 1 2a, 1 3- 
tetrahydro-5 H-dibe nz o[i,j)- 





quiuolmne 

IIC1 

— ' 

— ' 

40,41 

cii >°r*V < l > Y % i och « 

cii,o^X >< n >< A^ocii i 

2,3,9, 10-Tctramcthoxy-5-veratryl- 
7,12, 12a, 13-tctrahydro-5II- 

IIC1 

100 

97 

42 

dibcnzol&.ffjquinolizine 

CI I,°r^ >< f >< YN oc11 . 

TG, 

IICI 

100 


42, 10 



1S1 


ORGANIC RKACTlONiS 


Suitixmknt to T.uu.i; IV 
UhaL'cctaaroi, R>:.tcnoN.4 

Carbonyl 
Component 

Formaldehyde 
Formaldehyde 
Acetal 

Formaldehyde 
Formaldehyde 
Formaldehyde 
Formaldehyde 


u v. Braun and PinkcrneUe, Her., 64, IS71 (1931). 
a KitaaatO, Acta Ph'jiochim., 3, 215 (1927). 

“ Craig and Tarbell, J. Am. Chcm. Soc., 70, 27S3 (1943). 

° Chakravarti, Haworth, and Perkin. J. Chcm. Sec., 1927, 2275. 

“ Kitasato, J. Pkarm. Soc. Japan, 523, 791 (1925) [C. A., 20, 421 <1920) J. 

° Buck, Perkin, and Stc vena, J. Chcm. Soc., 127, 1 102 (1925). 

93 Buck and Davia, J. Am. Chcm. Soc., 52, COO (1930). 

* l Buck and Perkin, J. Chcm. Soc., 125, 1075 (1924). 

“Pictet. Ger. pat. 2S1.047 (1913) [Fra/., 12, 719 (1914-191G)J. 
a Pictet and Chou, Bcr., 49, 370 (1916). 

“ Hahn and Klcy. Bcr., 70, GS5 (1937). 

“Spath and Mosettig, -Inn., 433, 133 (1923). 

64 Chakravarti and Svraminathan, J. Indian Chcm. Soc.. 11, 107 (1934). 

77 Pictet and Malinowski. Bcr., 46, 203S (1913). 

41 3 path and Meinhard, Bcr., 75, 400 (1942). 

43 Haworth and Perkin, J. Chcm. Soc.. 127, 1453 (1925). 
ee Sugasawa, Kodama, and Inagaki, Bcr., 74, 455 (1941). 

Chakravarti and Ganapati. J. Annamclai Uniz., 3, 20S (1934) [C. A., 29, 1094 (1935)]. 
131 Chakravarti, Vaidyanathan. and Venkatasubban. J. Annama/ai Uniz., 1, 190 (1932) 
[C. .4., 27, 1351 (1933)]. 

“Haworth and Perkin, J. Chcm. Soc., 127, 1443 (1925). 

“ Haworth, Perkin, and Pink, J. Chcm. Soc., 127, 1709 (1925). 


Nome 


1,3-Diphenylisopropylaiuine 
l-(p-Methoxybe rsxy l)-G*methoxy-l, 2,3,1- 
tetmliyilroisoriuinoline 
l-(2,S-Dimethoxybeniyl)-G,7-<limetho.xy- 

1.2.3, -Hetraliydroho(iuinoline 

1 -Veratroy 1-0,7-methylencdioxy- 1,2,3, •!- 
tetrahvdruisoquinohne 
l-lG-NuroveratryB-G^-methylcncdioxy- 
1,2, 3, 4-tetrahydro isoquinoline 
l-(G-l)romoverutryl)-G,7-methylcnedioxy- 

1.2.3, -t-tetruhydrGisoquinQlhu: 
l-Beiuyl-G,7-methyler.edioxy-l,2,3 ( 4- 

tetrahydroLsoquinoline 


Condi lion-i j Reference 
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TABLE V 


1,2,3, 4-Tetrahtdkg-2-carbo lines 


Substituents 

Condensing 

Agent 

Temper- 
ature, C C. 

Yield 

% 

Refer- 


H 1 SO 4 

100 

65 

105 

1-Methyl- 




106 


pH 7; 3 d. 

25 

35 

11 


pH 5-6; 3 d. 

25 

70 

11 


HrSOi 

110 

86 

5 

1-Trichlororaethyl- 

— 

— 

— 

56 

1-Phenyl- 

CIIjI 

100 

50 

63 


pH 5.2; 3 wk. 

25 

48 

13 

1-Bcnryl- 

pH 6.2; 1 d. 

25 

00 

11 

1 -(m-HydroiybcruyJ)- 

11 Cl 

100 

36 

17 

1-Pipcronyl- 

pH 6.2; 8 d. 

25 

15 

13 

l-(3, 4,5-TrimethiMybcMy])- 

pH 6.2; 10 d. 

25 

16 

13 

1 , I'-Trimethy lencbis- 

IIC1 

45 

60 

17 

1-Furyl- 

Physiological 

25 

10 

13 

3-Carbo.\y- 

conditions 

(CII»C0>*0 

25 

_ 

49 


HiSO, 

25 

— 

57, 58. 21 


NaOII 

37 

— 

107, 108 


pH 6.5 

33 

SO 

19 

6-Methoxy- 

HjSO, 

70 

23 

105 

8-Mcthoxy- 

HiSO. 

70 

50 

105 

9-M ethyl- 

HiSO< 

70 

75 

105 

9-Ethyl- 

HjSO« 

70 

82 

109 

1-Met.hyJ-I -carboxy- 

pH 52 

37 

66 

13 


pH 6 2 

25 

100 

16 

1,2-Dirocthyl- 

HjSO* 

ICO 

58 

110 

HjSOi 

no 

SO 

111 

l-Methyl-3-carboxy- 

IltSOj 

100 

— 

57, 58, 



oo-so 

62-67 

21, VV2 

113, 65 


lljSO. 

100 

66 

55 


— 

25 

100 

111 

l-Methyl-7-melhoxy- 

ll^Oi 

no 

S5 

5 

1-1 lydroxyroetby J-3-carboxy- 

lljSOj 


1 
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ORGANIC REACTIONS 


TABLE V — Continued 


1,2,3,4-TkTIIA II YDHO-2-CAIIHO LINKS 


Substituents 

Condensing 

Agent 

Temper- 
ature, °C. 

Yield 

% 

Refer- 

ence 

l-Ethyl-3-carboxy- 

IPSO, 



100 

l-(d-Hydroxypropyl)-3-carboxy- 

II;SO, 

100 

— 

57, 58 

I-(£-Carboxyethyl)-l-carboxy- 

pH 3.8; 2 d. 

25 

*15 

1G, 17 

1,3-Dicarboxy- 

IPSO, 

100 

50 

19 

l-Phenyl-3-carboxy- 

IPSO, 


— 

57, 58 


IPSO, 



71 

55 

l-(p-Dimethylaminophenyl)-3- 





carboxy- 

II 2 SO, 

100 

85 

55 

l-(p-Xitroplienyl)-3-carboxy- 

IPSO, 

100 

88 

55 

1-Benzyl- 1-carboxy- 

pH 3.8; 13 d. 

37 

75 

13 

l-Beuzyl-3-carboxy- 

IPSO, 

90 

81 

55 

l-(m-Hy droxy benzyl)- 1 -carboxy- 

IIC1 

100 


17 


pH 4.2; 10 d. 

25 

85 

16, 14 

l-(p-Hydroxybenzyl)-l-carboxy- 

pH 4.2; 10 d. 

25 

74 

16, 14 

l-(p-Methoxybenzyl)-3-carboxy- 

IPSO, 

— 

92 

55 

1-Vauillyl-l-carboxy- 

pH 6.2; 10 d. 

25 

57 

16, 13 

1-Piperonyl-l-carboxy- 

pH 6.2; 7 d. 

25 

61 

13 

1-Veratryl-l-carboxy- 

HC1 


43 

17 


pH 4.2; 28 d. 

25 

54 

13 


pK 5.2; 10 d. 

25 

86 

16 

l-(3,4,5-Trimethoxybenzyl)-l- 





carboxy- 

pH 5.3; 7 d. 

25 

41 

13 

l-(a-Phenethyl)-3-carboxy- 

IPSO, 

100 

62 

55 

2-Methyl-3-carboxy- 

— 

38 

76 

19 

1 ,2-Dimethy 1-3-carboxy- 

Ii 2 SO, 

100 

14 

58 


HC1 

25 

90 

19 

l-Methyl-3-carboxy-6-bromo- 

H 2 SO, 


49 

65 

l-Methyl-3-carboxy-7-methoxy- 

— 

— 


114 

l-Phenyl-2-methyl-3-carboxy- 

ipso, 

100 

— 

57, 58 


IPSO, 

85 

70 

19 

l-(m-Hydroxybenzyl)-l-carboxy- 





7-methoxy- 

pH 4.2 

25 

80 

16 
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SurrLEMSNT to Table V 


UxafcccssrUL Reactions 


Amino 

Carbon)! Component 

Conditions 

Rcfcrenco 

Tryp , * m ‘n° 

o-IIydrox) Ixnialdch) do 

Phj-siological 

13 


p-/fycirov) Lcnxaidcliydo 

i'hybiofogicai | 

13 


I’iperonal 

l’h) biological • 

13 


Vanillin 

Pbj biological 

13 


o-NtlrobonialJehydo 

— 

00 


Glyoxal 

Physiological 

13 


Mcthylglyoxal 

Physiological 

13 


n(+)Gluco»o 

Physiological 

13 


1 Citral 

Physiological 

13 


o-Nitropheny lpvru vie acid 

— • 

CO 


1 o-Cj anopheny Ipyruvic acid 

1IC1, 80* 

CO 


1 ^-Indolylpyruvie acid 

Physiological 

115 

Tryptophan 

1 CrotonaMehjdc 

1I 2 S0. 

57 


Chloral hydrate 

UjSOi 

65 


| Chloroaretal 

1I,S0, 

G5 


Kortnamide 

lljSO, 

G5 


"Spatli and Lodercr, Ver., 63, 2102 (1030). 

“ Tatsui. J. Pharm. Soe. Japan, (655) *8. 92 (1928) (in English). 

“’Snjder, Walker, and ll'erbcr. J. Am. Chem. Soe., 11, 627 (1M9). 

“• Speitel and Schliltlcr, Jltlv. Chim. Acta, 32, 800 (1049). 

»» Leonard and Elder Geld. J. Org. Chem., 7, 550 (1012). 

no Barger, Jacob, and Madinaveitia, Bee. trai. thim., 61, 648 (1938). 

“ Yurashevsiui, J. Gen. Chem. UJ.S.K., 11, 157 (1011) (C. A . 35, 5503 <IW1)J. 
,u Mookerjee, J. Indian Chem. Soe., 20, 11 (1943). 

•“Otani, Z. phytiol. Chem., lit. 30 (1033). 

u * Harvey and Hobson, J. Chem. Soe.. 1938, 07. 

lu Gudjona, Dissertation. Frankfurt, 1033. Compare ref. 08. 
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TABLE VI 
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TABLE VI— Continued 
Miscellaneous Covpocnos 


N “” 

Condensing 

Agent 

Temper- 
ature, 'C. 

Yield 

% 

Refer- 

2-Hydroxy-5,7,8, 13, 136, I4-he\ahy dro- 
benz[p)indoloj2,3-<j)quino)izine 

pH 4.4 


88 

14 


pH 4.2; 1 d. 

~ 

67 

118 

OH 

2-Methoxy-3-hj droxy-5,7,8,13,136,14- 
hcxahydrobenz tpji ndo!o(2, 3-o |- 
quiuolizine 

HCI 


72 

118 

°% 

OCH, 

2,3-Dimethoxy-5 1 7,S,13,136,14-hoxa- 

hydrobcnz[jlindolot2,3-alquinoiiiine 

no, 12 d. 


57 

IIS 

OCH, 
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Supplement to Table VI 


Unsuccessful Reactions 


Amine 

Carbonyl 

Condensing 

Reference 

Component 

Agent 

Histidine 

Acetaldehyde 

HC1 

49 


Pyruvic add 

— 

49 


115 Ges. Chetn. Ind. Basel, Swiss pat. 92,297 [C. A., 17, 2119 (1923)]. 

117 Kirkpatrick, Iowa State Coll. J. Sci., 11, 75 (1936) [C. A., 31, 1800 (1937)1. 
113 Hahn and Hansel, Ber., 71, 2192 (193S). 
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ORGANIC REACTIONS 


OTTRODR CTION 

Acid-catalyzed cyclization of benzalaminoacetal (I) results in forma- 
tion of the isoquinoline nucleus. This reaction, first reported by 



CHO 


+ H 2 NCH 2 CH(OC 2 H 5 ) 2 



CK(OC 2 H s ) 2 


\ /• 
CH 



i 


Pomeranz *•*>* and by Fritsch, 4 - 6 has been utilized in the synthesis of a 
variety of isoquinoline compounds. 

The process is carried out in two stages: the first a condensation 
leading to the benzalaminoacetal, and the second a ring closure leading 
to the isoquinoline. In the first step, in which the Schiff base is formed 
by the reaction of an aromatic aldehyde and aminoacetal, the yields are 
generally high and the reaction smooth. An alternative route involves 
condensation of the corresponding benzylamine with glyoxal semi- 
acetal. 6 Cyclization of the benzalaminoacetal prepared in either manner 
is effected with sulfuric acid, or with sulfuric acid mixed with other acidic 
reagents. The yield of the isoquinoline cyclization products varies 
widely. 

Extension of the Pomeranz-Fritsch method to the use of a ketimine 
in place of an aldimine (and thus to the synthesis of 1-substituted iso- 
quinolines) has been realized, but the results reported are either poor or 
negative. Various attempts to cyclize compounds more or less closely 
related in structure to benzalaminoacetal have failed to yield isoquino- 
lines as products. 

The Pomeranz-Fritsch synthesis offers the possibility of preparing 
isoquinolines with substituent groups in an orientation often difficult 
to attain in the Bischler-Napieralski or the Pictet-Spengler syntheses. 
The Pomeranz-Fritsch synthesis thus supplements these other two 
methods. Furthermore, it differs from them in that the product is a 
fully aromatic isoquinoline, whereas in most of the phenethylamine 
reactions the products are partially hydrogenated isoquinolines. 

1 Pomeranz, Monatih., 14, 116 (IS93). 

2 Pomeranz, MonaUh., 15, 299 (1894). 

2 Pomeranz, MonaUh., 18, 1 (1S97). 

4 Fritach, Ber. t 26, 419 (1S93). 

4 Friuch, Ann.. 286, 1 (1S95). 

* Schli tiler and Muller, Helv. Chim. Ada, 31, 914 (194S). 
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MECHANISM OF CYCLIZATION 

Bradsher 7 has pointed out the relation between Pomeranz-Fritsch 
cyclizations and the general class of aromatic cyclodehydration reactions, 
and has proposed a mechanism involving intramolecular aromatic 
substitution. Certainly the use of strong acids in bond formation be- 
tween the acetal carbon and the benzene nucleus suggests the operation 
of an electrophilic process. If so, ease of cyclization would depend on 
the susceptibility of the benzene ring to electrophilic attack. Thus we 
find that mda nlkoxy and hydroxy derivatives (which possess active 
para positions accessible to the attacking group) react under relatively 
mild conditions; that benzaldchydc and halogen-substituted derivatives 
require higher temperatures and more concentrated acid; and that 
nitrobcnzalaminoacetai with a nucleus of low activity fails to react at 
all.* One factor tending to deactivate the aromatic ring is operative 
in all cases, namely, the fact that in the aldiramonium grouping II, m 
which form the Schiff base would exist in strong acid solution, there is 
effective electron withdrawal from the ring and therefore deactivation 
to electrophilic attack. 

n 

Details of the cyclization process are not known ; whether the Schiff 
base reacts as acetal, as a vinyl ether, or as the free aldehyde is a matter 
of speculation. 


SCOPE AND LIMITATIONS 

Formation of the Schiff Base. Condensation of aromatic aldehydes 
with aminoacetal occurs readily and in excellent yield. The product 
may be used in the cyclization step either directly or after purification 
by crystallization or distillation. The condensation can be carried out 
by allowing a mixture of aldehyde and aminoacetal to stand at room 
temperature or on the steam bath. An alternative method, first re- 
ported by Schhttler and Muller,* is available in the reaction of a benzyl- 
amine with glyoxal sciniacetal.* Cyclization of the product so obtained 

♦Permanganate h> droxj Ution of acrolein acetal affords glj ceraldehj de acetal which, 
on rteaiage with lead tetraacetate, /urtushos g)j oral sewiacetal. The oi wall } idd for 
the two steps is 1S%. See 1'ischer and Baer, //dr. Chim. .Ida. 18, 514 (1935) 

’ Draddier. Chon. /?««.. 38, 447 (1940). 

* Ander&ag, A/edicine in Us Chemical Aspects, Vol II, p 359, 1.G. Faibemndustne A.G, 
Le\ erkusen, 1934. No experimental details are given. 
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(e.g., HXj furnishes the same isoqtiinoline as that obtained from the 
S cruff base derived from the aromatic aldehyde and aminoacetaL The 
Schin bases formed in either manner may be isomers, or mixtures oi 
tautomeric forms. s or the same eomnound. 5 




-r CHOCH(OC-Hs); 


CH-XH; 


CH(OCiHs); 


Cyclizarion. Although a variety of methods has been reported for 
the cydization step, all involve the use of sulfuric acid. Sulfuric acid 
has been used alone, in concentrations ranging from fuming acid to 
approximately 70% sulfuric acid, and in admixture with such reagents 
as gaseous hydrogen chloride, acetic acid, phosphorus pentoxide. or 
phosphorus oxychloride. Pomeranz 1 reported that in the absence oi 
sulfuric acid benzalamm oac-etal is not cyclized by zinc chloride, phos- 
phorus pentaehloride, phosphorus oxychloride, phosphoric acid, acetic 
anhydride, or oxalic acid. Use of ftuorosulfonic acid with r/j-chioro- 
benzalammoacetal results only in polymeric materials.'- 1 

Temperatures at which the cyclizarion reactions have been carried 
out range from 0° or below (with reactive nuclei such as in alkoxy- or 
hydroxy-benzalaminoacetals) to I-50-I60' (with im reactive nuclei such 


Factors Affecting Yield- The yields reported for Pomeranz-Fritsch 
syntheses vary from zero to more than &0%. However, for the most 
pan, the yields are below 50%. Gratifying results are obtained with 
nt-alkosy-, rn-hydrosy-. and nt-halo-benzalaminoacetals. On the other 
hand o- or p-alkoxy or hydroxy derivatives form iscquinolines in low 
yield or fail altogether to furnish the product. S-Chloro-. 5-(and 7-}~ 
chloro-, and S^-hloro-isoqumoline are formed in yields oi 9%, 50%. and 
I4 r i, respectively. The corresponding fcromoisoquiaolines are formed 
in yields of 29% . 65%. and 2±%, respectively. 

The yield of isoquinoline can vary markedly with the conditions em- 
ployed in cyclizarion. and especially with the concentration of sulfuric 
acid. The ^enritivity of yield to acid concentration is well illustrated 

1 rlC. ni ^bicc. J, Sx. 1525, 177S. 

55 M t^-jcar aaA KrIIa. Ccr J. 173, (I >15). 
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by results obtained with m-ethoxybenzal-,* m-hydroxybenzal-, 11 and 
3,4*metbylenedioxybcnzal-anjinoacetal.‘ A small deviation from the 
optimum acid concentration results in appreciable decrease in the yield 
of isoquinoline as is shown in the accompanying table. 


Yieu>s of Isoquinoune Ctclization Products with Vartincj 
Sulfuric Acid Concentration 


Sulfuric acid solutions of m-clhoxybcnzalaminoacctal were held at 50° for five 
hours; m-hydroxj bcnzal&minoacct&l was allowed to stand in acid, first at 3-5® (twelve 
hours) and then at room temperature; the methylenedioxy derivative in sulfuric acid 
saturated mth hjdrogen chloride was kept for (cn days at 0° and then four days at 
room temperature. 


Hi-CjlUOCdbCII'— NCH,CH(0C,1I 4 ), m-HOC 8 H,CH=XCHjCH(OC 2 H,), 


Add 

Concentration 
% 

92.2 

80.4 

81.3 

70.5 

72.8 
69.1 

62.8 

3,4-CHjOjCelI,CH=»NCIl2CH(OCjH»)s 


Acid 

Concentration Yield ‘ 

% % 

73 0 19.1 

72.6 23.6 

09 18.3 


28.5 

07.5 
79.7 


Acid 

Concentration Yield 11 


Variation of yield with acid concentration may be attributed, at least 
in part, to the fact that hydrolytic cleavage of the Schiff base may occur 
under conditions of cyclization. It is possible that the effect is due to 
change in the relative rates of cyclization and hydrolysis, so that, when 
cyclization is slow compared to the competing hydrolysis, the yield of 
isoquinoline is low. 

Other factors that must be taken into account include the possibility 
of disruption (aside from hydrolysis) of the starting material as well as 
the destruction of the product during the reaction. 

Orientation. Cyclization of unsymmetrically substituted benzal- 
aminoacetals in which the two positions ortho to the aldimine group are 

U Woodward and Doenng. J. Am. Chem. Sec.. 87. SCO (1045). 
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unoccupied may lead to one or both of two isomeric isoquinolines. In 
several such cases the composition of the product is known. For ex- 
ample, m-ethoxybenzalaminoacetal affords a single product in more than 
80% yield. 5 That this material is 7-ethoxyisoquinoiine and not 5-ethoxy- 
isoquinoline is shown by oxidation of the isoquinoline to 4-ethoxyphthaIic 
acid. m-Hydroxybenzalaminoacetal is transformed to a mixture con- 
sisting mainly of 7-hydroxyisoquinoline together with some 5-hydroxy- 
isoquinoline. 5 ' 11 The structure of the former compound is demonstrated 
by its conversion to 7-ethoxyisoquinoline. The 5 -hydroxyisoquinoline 
is identical with the product obtained by alkali fusion of isoquinoline- 
5-sulfonic acid. 11 A mixture of 5- and 7-chloroisoquinoline is obtained 
from m-chlorobenzalaminoaeetal. 8 - 10 In one experiment, the main 
product was found to be 5-chloroisoquinoline; in another experiment, 
the two isomers were obtained in equal amounts. m-Bromobenzalamino- 
acetal is transformed to 5- and 7-bromoisoquinoline in approximately 
equal amounts. 12 

3,4-Methylenedioxybenzalaminoacetal yields only 6,7-methylene- 
dioxyisoquinoline, 5 the structure of which is shown by relating the com- 
pound to the 6,7-disubstituted reduced isoquinolines, hydrastinin and 
hydrohydrastinin. Similarly, 3,4-dimethoxybenzylaminoacetal yields 
6,7-dimethoxyisoquinoline on oxidative cyclization. 1211 Orientation in 
the product is shown by comparing the reduced compound, 1 ,2,3,4- 
tetrahydro-6,7-dimethoxyisoquinoline, with a degradation product from 
papaverine. 

Extension and Variation of the Pomeranz-Fritsch Synthesis. When a 
ketone is used in the Pomeranz-Fritsch synthesis in place of an aromatic 
aldehyde, the product is a 1-substituted isoquinoline. Acetophenone, 
for example, leads to 1-methylisoquinoline (IV)- For the most part, 


CH(OC : H s )2 




CH 3 


IV 


poor results are obtained in this extension of the synthesis. The diffi- 
culty may lie in the reluctance with which ketones combine with amino- 
acetal to yield Schiff bases. Attempts have been made to carry out 

-T ysoa, J. Am. Chem. Soc., 61, IS3 (1939). 

U Forsyth. Kelly, and Pyxnaa, J. CKem. S&c., 127, 1G59 (1925). 
u Rujh timer and Echos, Bcr 42, 2374 (1909). 
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the synthesis with acetophenone and with benzophenone by adding 
a mixture of ketone and aminoacetal directly to hot sulfuric acid, thereby 
eliminating the separate condensation step.* The expected products 
were obtained, but in low yield. 

It is in the synthesis of 2 -substituted isoquinolines that the Schlittler- 
Miiller preparation of the Schiff bases may offer real advantage. In 
place of the difficult ketone-aminoacetal condensation of the conven- 
tional method, a relatively facile amine-aldehyde condensation is em- 
ployed. By this method, a-phenylcthylamine (V) is first converted to 
the Schiff base with glyoxal semiacetal and then, on treatment with 

|^jl^ ^NII, + CHOCH(OC,H»), -» 

CH 

l 

CH* 


CH(OC,H,)i 



CH, 

concentrated sulfuric acid at 100°, to 1-methylisoquinolinc.* The yield 
is given os 40%, a substantial improvement over the yield obtained start- 
ing with acetophenone and aminoacetal. Similarly, in the preparation 
of l-methyl-7-methoxyisoquinoline the yield from a-(»i-metho\yphenyl)- 
ethylamine is 37.5%, whereas the yield from r/i-inethoxyacetophenone 
and aminoacetal is only 0.1%.* 

Difficulty in formation of ketimines cannot be the only factor contrib- 
uting to low yields in syntheses of 1-substitutcd isoquinolmes. In at 
least one example in which a purified Schiff base is prepared from an 
acetophenone and aminoacetal, 1 * and in several cases in which Schiff 
bases are prepared according to Schhttler and Muller, 6 - 11 the yields of 
cyclization products are either very low or nil. 

Only one example has been found in which a substituted aminoacetal 
is successfully utilized in the Pomerao z-F ri tsch synthesis. When 3- 
aminobutanone ketal is used with benzaldehyde, the expected product, 
3,4-dimethylisoquinoline (VI), is obtained. 17 However, the yield is 

“Sp&th and Becke, Btt„ 67, 2BS (1934). 

" ScUittler and Mailer, Hth. Chtm. Ada, 5 1, 1119 (194S). 

“ Wltkop, J. Am. Chtm. Soc.. 70, 1424 (194S). 
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CHO 


+ H : XCHC(OC : H s ) : 

! i 

HjC CHj 


CII 3 



C(OC s H*)s 

CH 


CHj 



VI 


evidently very small. It should be noted in this connection that con- 
densations of benzylamines and substituted glyoxals have been at- 
tempted. This variation of the Sehlittler-Miiller procedure gives nega- 
tive results. Thus, piperonylamine and phc-nylglyoxal do not condense 
to jdeld 4-phenj-l-6,7-meth3 , lenedioxyisoquinoline. li 

Fischer reported that cold fuming sulfuric acid, in an oxidative process, 
converts benzylaminoacetaldehyde (VII) to isoquinoline. 19 - :0 A similar 


CHO 



VII 


reaction, with arsenic pentoxide in sulfuric acid as the oxidizing agent, 
has been used in the cyclization of 3,4-dimethoxybenzylaminoacetal 
to 6,7-dimethoxyisoquinoline. u ’ H It is noteworthy that none of this 
isoquinoline could be obtained from 3, 4-dime thoxybenza lam inoaeetal- 
Other attempts at oxidative cyclization have failed. Thus N-(3-meth- 
oxy-4,5-methyleneclioxybenzyl)-, =1 N-[l,2-di-(3,4-dimethoxyphenyl)- 
ethyl]-, and N-[l,2-di-(3,4-methylenedioxyphenyl)ethyl]-aminoacetal ~ 
do not furnish the expected products. Judging from these results, this 
variation of the Pomeranz-Fritseh synthesis appears not particularly 
useful. 

Many and indeed steadily recurring attempts have been made to 
form the isoquinoline system by methods that are related to the 
Pomeranz-Fritseh synthesis in so far as the pyridine ring is to be formed 
by juncture of the number-four carbon atom and the benzene nucleus. 

53 Dey and Govindachari, Arch. Pham 275, 3S3 (1937). 

* Fischer, Ber., 26, 704 (1893). 

23 Fischer, Ber., 27, 165 (1894). 

22 Rugheimer and Ritter, Ber., 45, 1340 (1912). 

= Allen and Buck, J. Am. Chem. Soc 52, 310 (1930). 
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AH such attempts, except the pyrolysis of benzalethylamine which yields 
isoquinoline, have pro\ed futile (Table III). An incomplete list of 
compounds subjected to cyclizing conditions includes N-benzylethanoI- 
amine, N-benzyl-N-tosylglycyl chloride, hippuric acid, N-piperonyl- 
N-methyl-a-aminoacctophenone, ethyl 2,3-dimetboxybenzaJaminoace- 
tato, and N-bcnzyl-N-mcthyloxalamide. 

Application. The usefulness of the Pom eran z^Fri tseh isoquinoline 
synthesis as a general preparative method is severely limited by the 
yields obtained. Actually, only m-hydroxy-, wi-alkoxy-, and m-halo- 
bcnzaldehyde have been converted to isoquinolines in yields of 50% 
or better. For these isoquinolmcs the aminoacetal synthesis is more 
satisfactory than, for example, the synthesis of the corresponding 7-sub- 
stituted tetrahydroisoquinolinc by application of the phcnethylamine- 
fonnaldchyde method. Where yield is not the primary consideration, 
the Pomeranz-Fritsch synthesis is applicable to the preparation of a 
variety of substituted isoquinolincs. 

A useful feature of the Pomeranz-Fritsch method is the possibility 
it affords of placing substituents on the isoquinoline nucleus in an 
orientation sometimes attainable only with difficulty by other syn- 
theses. For example, in the Pomeranz-Fritsch synthesis, 8-substitutod 
isoquinolines are the products from orMo-substituted benzaldehydes, 
whereas 8-substituled isoquinolincs are not formed, as a rule, from meta- 
substituted arylcthylamines. Further, the fact that 6-substitutcd iso- 
quinolincs are obtained unequivocally in the aminoacetal synthesis with 
p-substituted benzalaminoacetals assists in demonstrating the mode of 
ring closure with ^-substituted phenethylamines. 

Most of the syntheses involving the use of phenethylamine lead to 
partially hydrogenated isoquinoline systems. The aminoacetal method, 
by making the fully aromatic system available directly, may offer some 
advantage. 

EXPERIMENTAL PROCEDURES 

Aminoacetal from Chloroacetal. 11 Dry ammonia is passed into a 
solution of 38.2 g. of chloroacetal in 1 1. of absolute methanol at 0° until 
283 g. is absorbed. The reaction mixture is then heated ten hours at 
140° in the autoclave. The coloied solution is concentrated on the 
steam bath to 500 mi; 100 ml. of 5% aqueous potassium hydroxide is 
added, and concentration is continued until the vapors can no longer be 
ignited. The solution is saturated with sodium chloride, treated with 
100 ml. of 50% aqueous potassium hydroxide, and extracted contin- 
uously with ether overnight. Concentration of the ether extract yields 

M Pictet and Popovid, 2 S, 733 (IS92). 
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an oil from which, after fractionation in vacuum, 24.1 g. (72.5%) of 
aminoacetal, b.p. 99-103°/ KX) mm., is obtained. 

If twice the quantity of chloroacetal and the same quantities of 
methanol and ammonia are used, 40.0 g. of aminoacetal (60%) is ob- 
tained. 

Directions for the preparation of aminoacetal from bromoaeetal in 
32-39% yield are given in Organic Syntheses . a The use of chloroacetal 
in place of bromoaeetal in the Organic Syntheses procedure increases the 
yield to 46%. 

8-Bromoisoquinoline from o-Bromobenzaldehyde and Aminoacetal. 11 
Aminoacetal in 15% excess is mixed with 50 g. of o-bromobenzaldehyde 
and heated on the steam bath for two hours. After the mixture cools, 
the water layer is removed and the crude product distilled under reduced 
pressure. The o-bromobenzalaminoacetal, b.p. 167-170°/6 mm., 
weighs 72 g. (89%). 

To ISO g. of concentrated sulfuric acid maintained at 5° is added 20 g. 
of o-bromobenzalaminoacetal. The resulting mixture is added over a 
period of five minutes with mechanical stirring to 10 g. of concentrated 
sulfuric acid containing 20 g. of phosphoric anhydride. The temperature 
is held at 160°. 

..After the reaction mixture has been stirred and heated for an addi- 
tional twenty-five minutes, it is allowed to cool, treated with ice, and 
filtered. The solid residue and the filtrate are extracted with ether in 
order to remove neutral and acidic material. Solid sodium carbonate 
in excess is added to the filtrate, and the alkaline mixture is steam-dis- 
tilled. Toward the end of the distillation, the solid residue is added to 
the distillation flask and the distillation is continued. 

The distillate, after acidification with hydrochloric acid, is evaporated 
to dryness on the steam bath. The residue is made alkaline with excess 
sodium hydroxide solution and is continuously extracted with ether. 
After removal of ether from the extract, the solid residue of 8-bromoiso- 
quinoline is dried in a vacuum desiccator over calcium chloride. Crude 
8-bromoisoquinoline prepared in this manner is a white, crystalline 
solid. The yield is 4 g. (29%). 

The presence of phosphoric anhydride in the cyclization step results 
in a small but definite improvement in the yield. 

7-Hydroxy-8-chloroisoquinoline from 2-Chloro-3-hydroxybenzalde- 
hyde and Aminoacetal. 10 A mixture of 15 g. of 2-ehloro-3-hydroxybenz- 
aldehyde and an equal weight of aminoacetal is heated on the steam 
bath for one-half hour. Water formed in the reaction is then carefully 
removed by alternate addition and distillation of benzene. To the cold, 

3 Allen and Clark, Org, SyrAh&zez* 24, 3 (1944). 
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well-dried, dark brown residual liquid is added, with stirring, 100 ml. of 
”6% sulfuric acid previously cooled to 0°. The mixture is stirred at 
2-5® for four bourn and then is allowed to stand at $° for forty hours 
and at room temperature for thirty hours. Water is added, and the 
resulting solution, after being made alkaline with aqueous ammonia, is 
buffered with sodium carbonate. The crude product which precipitates 
as a brown solid is collected by filtration. Sublimation at 175*71 mm. 
furnishes 12 g. (64%) of white crystals of 7-hydroxy-S-chloroisoquino- 
line. Recrystallization of this material from methanol yields white 
needles, m p. 230-231*. 

l-Methyl-6,7-dimethoxy-8-hydroxyisoquinoline from 2-Benzyloxy- 
3,4-dunelhoiyacetophenone and Aminoacetal. 11 A mixture of 15 g. of 
2-bcnzyloxy-3,4-dimcthoxyacetophcnone and 10.5 g. of aminoacetal 
(50% excess) is heated at 165“ for one and one-half hours. After the 
excess aminoacetal has been removed by distillation at 12 mm., the 
residue is distilled several tunes under 0.02 mm. pressure. The Schiff 
base is collected at 1$0-200°/0.02 mm. in amounts up to 22 g. (73%). 

For conversion to tbo isoquinoline, the crude product is transferred to 
a flask provided with a well-fitting stopper and is treated (ice-salt 
cooling) with 90 g. of 73% sulfuric acid. The mixture is agitated for 
two days at 15-20°, then diluted with 95 ml. of water and wanned for 
one hour at 50°. Insoluble resinous material is removed at this point 
by filtering the cooled mixture. The filtrate is extracted with ether 
before and after being made alkaline with sodium carbonate. The ether 
extract from the alkaline solution is in turn extracted with 6 iV hydro- 
chloric acid, and the acidic aqueous phase is made alkaline with sodium 
carbonate and again extracted with ether. After removal of ether from 
the last extract, the residue is distilled at 0.02 mm. A fraction consisting 
of 2-hydroxy -3,4-dimcthoxyacctophenonc distils at 100-130°; the desired 
product is collected at 1GO-1SO°. 1 -Methyl-0, 7-dimetho.\y-8-hydroxy- 
isoquinolinc, after high- vacuum sublimation at 255-165°, melts at ISO- 
182 0 . The yield is 1.5 g. (13%). 

Isoquinoline from Beniylatnine and Glyoxal Semiacetal. 6 On mixing 
1.06 g. of bcnzylamine and 1.4 g. of glyoxal semiacetal, the temperature 
of the mixture rises to 40-50°. The mixture is allowed to stand for one 
hour on the steam bath. The crude product is taken up in ether, and the 
ether solution is dried over anhydrous sodium sulfate. Removal of 
ether and distillation of the residue affords X.85 g. (83%) of the Schiff 
base, b p. 155-15G°/16 mm. 

The Schiff base is dissolved in 2 ml. of concentrated sulfuric acid at 
0°, and the solution is slowly added to 3 ml. of concentrated sulfuric 
acid held at 160°. The black reaction mixture is made strongly alkaline 
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and distilled with steam, and the product is extracted from the distillate 
with ether. Isoquinoline is isolated as the picrate, m.p. 225-227°, in 
45% yield. 

l-Methyl-7-methoxyisoquinoline from a-( 3 -Methoxyphenyl) ethyl- 
amine and Glyoxal SemiacetaL 5 The necessary starting material, 
a-(3-methoxyphenyl)ethylamine, is obtained in 47% overall yield from 
7/z-methoxyacetophenone by sodium-amalgam reduction of the oxime. 

A mixture of 1.7 g. of cc-(3-methoxyphenyl)ethylamine and 2.0 g. of 
glyoxal semiacetal in 5 ml. of anhydrous toluene containing 1 drop oi 
piperidine is heated under reflux in a bath at 135-145° for one and one- 
half hours. More glyoxal semiacetal (0.4 g.) is added, and the heating 
is continued for another hour. During this hour, an air-cooled condenser 
is used so that toluene condenses but water slowly distils. The amount 
of water formed serves as a convenient measure of the extent ot reac- 
tion. Finally, the last traces of water are removed by distilling the 
toluene under reduced pressure. The resulting pale-red mixture is 
distilled first up to 100°/15 mm. in order to remove low-boiling materials, 
and then under high vacuum. The Scliift base, b.p. 102-1 03 °/0. 04 mm., 
is obtained as a colorless oil; yield 2.24 g. (75%). 

Dry hydrogen chloride gas is bubbled into 40 ml. of 72% sulfuric acid 
for about three minutes. The Schiff base is added to the acid at — 10 , 
and the mixture is held at —10° for two days, at 0° for three days, and 
at 20° for twelve horns. 

The resulting brown-red solution is diluted with 160 ml. of ice water 
and allowed to stand overnight. After removal of 0.8 g. of light-brown 
crystalline isoquinoline sulfate, the filtrate is neutralized with sodium 
carbonate and extracted with ether. The ethereal extract is washed 
twice with 2 N sodium hydroxide solution and twice with water, then 
dried over potassium carbonate, and distilled to remove solvent. The 
residual crude base is converted to its picrate. 1-M ethyl- 7 -methoxyi=o- 
quinoline is obtained in the form of its sulfate and picrate in a 50% 
yield. The free base boils at 83— S5°/0.04 mm. and melts at 32-34° after 
crystallization from petroleum ether. 

TABLES OF P OMERAJ7 Z-ERIT S CH SYNTHESES 

The literature through 1948 has been examined for examples of 
Pomeranz-Fritsch syntheses. The material has been arranged in three 
tables. Tables I and II cover examples of cyclizations leading to iso- 
quinolines unsubstituted and substituted, respectively, at the 1 position. 
■Unsuccessful isoquinoline syntheses related to the Pomeranz-Fritsch 
methods are listed in Table TIT . 



SYNTHESIS OF ISOQUINOLINES 3 


203 


TABLE I 

Isoqvi.souNta with No Substituent at the 1 Position 



* Farbvtrke Meister tuciua and BrOning, Ger. pal 80,04 4 [FtxU., 4, 1148 (2SQ4-1S9 7)J. 
» Fntach, Ger. pat. 85.600 [Frdl . «, 1149 (1894-1897)1. 

“ Kedin and Cass. J. Am. Chem. Sot . 64. 2442 (1942). 

» Tritsch. Ger. pat. 86,501 (Frdi.. 4, 1150 (1894-1897)1. 

* Perkin and Ilobinaon. / • Chem. Sot.. 105, 2378 (1914). 

“ Salway. j- Chem. Soc., 95, 1204 (1909). 
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TABLE II 


ISOQUINOLINES SUBSTITUTED AT THE 1 POSITION" 




a Fritsch, Ann., 329, 37 (1903). 
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TABLE III 

Uxai'ccEssrvi. Variations 


Uractanl(s) 


C.lLCHtNHClIjCHjOlI 
C,lLCH t N(ClI,)CHtCH;01I 
3,MCUtOi)C,UiCH,N(CII,)CII,CH,OII 
C„H»C H ,N (SO,C«H»)CI IjCH,OII 
C.lLCHjNHCHiCHOIlCIL 



3.4- (CHjOi)C,H,CH,NIICOCHOHCHt 
C,tl,Cll*=.SClI t CllO]ICJl, 

CelLClIO + HjNCUjCIIOIICOiH 

3.4- (C HiOj)C»HiCIIiN (CHj)Cl IiCHiCI • HC1 

3.4- (CII,0,)C 4 HjC]I,NHCU,CII(OC,H,), 

3.4- CUsO I )-3-CHjO-C t lI 1 NllCII,CII{OC 1 IIi)i 

3.4- (CHjOj)C»IIjCII,N(CH,)CU,CH(OC,1I»), 
CiILCON HCI IjCH (OCtHili 

3.4- (CI!,Oi)C,H,CH,NlIC»OHCHO (?) 

3.4- (Cn 2 O t )C e HjCH,NnCHOHCOCIIt (?) 

3.4- (Cn 5 Oi)C ( ffjClfjNIICHOfICOC«Ffi (?) 

C 4 1 LCI IiN IlCOCHClj 
3 1 4-(ch ! o,)c«h s cHjN(ch,)ch,coc,h, 
CtlhCl fjNVCOCi Ij)CIfjCOC ( IIs 
C e HiCH,N (SO,CeU|)CH ,COC e H* 
C«IItCH|NlICHsCOCI-IICl 

3.4- {O)f20»)C e H,CIf,NHCJI,C0a-IICI 

3.4- (CI! 2 Os)C«HjCHiNIICIl2CN 
C,UiCH,N(SO,C 6 H4CHH)CHsCOiH 
C,lIiCn 3 N SOjC,H,CHr4)CHjCOCl 
QmCHjNtCHOCHjCOCMICI 
C«ILCH,N(CII > )COCONlI, 
2,3-(CIIsO)jC e H s CH=NCH s COiCjIL 
c«ntCONHciriCO,n 
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INTRODUCTION 


The application of the reaction 

R R" R R" 

^>€=0 ~ yCHOy /CHOy ~ yc =0 
R' PC" ° R' E'" 


to the reduction of aldehydes and ketones has been reviewed in an earlier 
volume of this series 1 under the title “Reduction with Aluminum Alkox- 
ides (The Meerwein-Pondorff-Yerley Reduction).” The reversible 
nature of tbe above reaction was demonstrated by Yerlev : in 1925 and 
shortly' thereafter by' Pondorff, 1 but it was not until 1937 that Oppen- 
auer 4 showed that unsaturated steroid alcohols could be oxidized to the 
corresponding ketones in excellent yields through the use of aluminum 
f-butoxide in tbe presence of a large amount of acetone, that compound 
functioning as the hydrogen acceptor and the large excess serving to 
shift the equilibrium in the desired direction. This reaction, which has 
been called the Oppenauer oxidation, 5 has been extremely useful in 
steroid chemistry, but so far it has been applied to only r a limited extent 
elsewhere. As will be illustrated in tbe subsequent discussion, the 
Oppenauer oxidation employs very mild conditions which are applicable 
to a variety of sensitive compounds; and it will, undoubtedly, find ex- 
tensive use in synthetic organic chemistry. Tbe recent introduction 
of the experimental modifications outlined below ha?, already increased 
the scope of the reaction appreciably'. 


1 Yw’fl-. Otq. Becditmt, 2, 173 (1944). 

: TerUy. BBL toe. chim, Pratxe. [4], 37, 537 (1S25). 


- Pc, ado— . CU-m., 39, 133 (1925). 

1 Oppemmsr. Rte. trcr. Aim., 55, 137 (1937J. 

5 Persia, A CS- n. , 53, 256 (1040). r evicrsr article • ' - . V .. aod 

pan!;.- revised in Xerrer ZleAois cf Prepadize Or;zr.ic CUmitirj, pp. 143-153, later scares 
Paa t .-h. Fr s, Nerr Yr.r'r. 1943. 
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MECHANISM OF THE REACTION 

In view of the reversible nature of the reaction, many statements as 
to the mechanism of the Mecntein-Pondorff-Verlcy reduction 1 are 
equally applicable to the Oppenaucr oxidation. The earlier workers IU 
postulated the formation of an acetal of type A, without giving an ade- 
quate explanation for the hydrogen transfer that must occur to account 
for the course of the reaction. PondorfT* postulated an unusual type 
of addition to the carbonyl group, and Verity's* mechanism required 
an unprecedented migration of an aluminum alkoxidc radical. Mecr- 
wein’s original hcmiacetal structure A was revised * in favor of the non- 
committal molecular addition compound B in order to rationalize the 
function of the aluminum alkoxide. Activation of the alcoholic hydrogen 
atom by the aluminum resulting in hydrogen bonding has also been 
proposed.* 



A mechanism employing a pseudo-cyclic intermediate has been sug- 
gested by Woodward* and Oppenaucr. 10 Although the tendency to 



accept a pair of electrons, thus facilitating both step C and the hydrogen 
transfer D, is particularly pronounced in aluminum with its sextet of 
electrons, this mechanism is equally applicable to those oxidations in 
which alkali alkoxidcs can be employed in place of the aluminum com- 
pounds.* It will be noted that aluminum f-butoxide, or other alkoxide, 

* Meerwein and Schmidt. Ann . 444, 221 (1S2S). 

’ Mecm'eia, v. Socle, Kirschaick, Lent, and Mi&ge, J. pralt. Chem-, 12), 147, 211 
(1936). 

* Davies and Hodgson, J. See. Clcn. JnJ., 61, 109 (1943). 

•Woodward, Wcndler, and Brutschy, J. Am. Chem, Soe.. 67, 1425 (1945); </. also 
Jackman and Mills. .Yolure, 164, 759 (1949); Luts and Gillespie. J. Am Chem. Soc., 72. 
345 (1950); Doe ring and Young. tbiJ . 72, 631 (1950). and references cited therein. 

w R. V. Oppenaucr, private communication. 
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does not appear in the above reactions. It is assumed that their oniy 
role in the overall reaction is to provide a source of aluminum ion. 
Experiments u with deuterated 2-propanol indicate that no appreciable 
exchange of deuterium occurs during the Oppenauer oxidation. 


SCOPE OF THE REACTION 
Saturated Alcohols * 

It has been implied that alcoholic groups not activated by unsatura- 
tion are resistant to oxidation by Oppenauer’s method; this was believed 
to be true both for steroidal secondary aleohols 12 such as cholestanol and 
for aliphatic primary alcohols. 13 More recent work has proved this view 
to be incorrect although it is true that modified conditions may be 
required. A variety of steroid alcohols in which the double bond is 
three or more carbon atoms removed from the hydroxyl group can be 
oxidized under relatively' mild conditions using benzene and acetone. 
7 -Cholestenol (I) 14 and a variety of similar ergosterol derivatives, e.g., 
a-ergostenol (II), U - 15 give 40-60% of the corresponding ketone. The 
steroid alcohol III which possesses the acid-labile dienone grouping in 
ring A is converted to the corresponding ketone in 55% yield. 1 ' Other 



* Compounds not posseting n doable bond or aromatic nucleus a. 3 or 3,y to a secondary 
hydroxyl group trill be listed with the saturated alcohols. The Oppenauer oxidation o! 
primary alcohols involves special conditions which are considered in 3 separate section. 
a Westhcimcr and Xicolaides, J. Am. CKcm. Soc., 71, 26 ( 1619 ). 

- Jones. Wilkinson, and Kerlogue. J. Chcm. Soc., 1342, 391. 

" J Batty, Burawoy. Harper, Heilbron, and Jones. J. CUm. Soc., 1S3S, 175. 

!l Baser, Hdr. Chim. Ada, 30, I3S0 (1917). 
a Barton and Cox, J. Chm. Soc., 1313, 753. 

11 D. H. It. Barton, private communication. 
n InioSea, Zuhhdoru, and Huang-Minloa. Bcr., 73, 457 (1940). 
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examples in the steroid series where saturated ketones are produced in 
excellent yield (80-86%) are 1 7-me thylandrostaue-30, 1 70-diol (IV) 18 
and the diene V, which represents a key intermediate in a novel syn- 
thesis 11 of the cortical hormone ll-dehydrocorticosterone. The suc- 
cessful Oppenauer oxidation of “a" and “0” estradiol to estrone has 
formed the basis for a differential bioassay of the two C-I7 epimeric 
estradiols. 80 

Among non-steroidal alcohols, both the cis and (raws a-decalols (VI) 
give excellent yields of the corresponding decaloncs, 21 but chromic 
anhydride oxidation appears to be more economical on a larger scale. 
Since free phenolic groups are not attacked, 22 the direct oxidation of 
octahydrodiethylstilbestrol (VII) 28 with aluminum t-butoxide and 
acetone is more satisfactory than other methods where the phenolic 
group must be protected by benzoylntion. Robinson and co-workers 
employed the Oppenauer reaction with a number of synthetic naphtha- 
lene and phenanthrcne derivatives (Table I), 8 * 5 *- 2 * An interesting ex- 
ample is the sensitive acetal VIII, which was smoothly oxidized 21 to the 
corresponding ketone by a modified Oppenauer oxidation (see Experi- 
mental Procedures) ; classical methods of oxidation failed in this instance. 

q? 

ciiCC.HjjciKCjiriX^^oH 
vu 

"St, An dc£, unpublished observation. 

” Wettstcin and Mej stre, //fie. Chim. Ado, 30, 1267 (1947). 

* Pcarlman and Pincus, J. Biol Chem., 147, 3S4 (1943) . Pearlinan and Pearlman. 
ArcX. Biochem.. 4, 97 (1944). 

” J. English, private communication; see EnglUh and Cavaglien, J. Am. Chtm. Soe., 
65, I0S5 (1943). 

" Cornfortli and Robinson, J. Chem . Soc., 1949, 1S55, 

" II. E. Ungnnde, pm ate commuiucation; see Ungnade and Ludutsky, J. Am. Chem. 
Soc., 68, 2630 (1947). 

** Robinson and Walker, J- Chem Soe.. 1938, 1S5. 

" Robinson and Slater, J. Chem. Soc., 1941, 3SI. 

» McGinnis and Robinson. J. Chem. Soe., 1941, 404. 

B King and Robinson, J. Chem Soe.. 1941, 469 

" Cornforth and Robinson, J. Chem Soe., 1942, CSS. 

** E. Thcuner, pm ate communication, tf. Abstracts, North Jersey Section Meeting-in- 
Mmiature, Jan. 10, 1949. 


o-ciKcn,) 

CH.CHOHCII.Cri pH, 
0-C{CU,), 

Vm 
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ing Ar-unsaturated steroidal alcohols such as IX into the related 
a,0»unsaturatcd steroidal ketones X, and it has found use in the manu- 
facture ” of a number of hormones such as testosterone (X, R = OH), 
progesterone (X, R =* COCII 3 ), and desoxycortieosterone acetate 
(X, R * COCH 2 OCOCH 3 ). The specificity of the reaction is illustrated 
by the successful oxidation of many compounds containing labile sub- 
stituents such as ally],** vinyl ,”- 40 ethynyl ,”- *‘ U1 benzal ,* 1 a and various 
other unsaturated side chains . 44 ' 11 An instructive example is the oxida- 
tion of the unsaturated alcohol XIV, which contains both nuclear and 
side-chain unsaturation, to the ketone XV in 95% yield in one-half hour 
through the use of cyclohexanone and aluminum isopropoxide in toluene . 44 



XIV XV 


Halogen-containing alcohols, such as 22,23-dibromostigmasterol 
(XVI) >»•“ or 21-chloroprcgnenolone (XVII) **•“ are oxidized in good 
yield; the chloro compound cannot be subjected to the alternative 
chromic anhydride oxidation, sbee removal of the brombe atoms added 
to protect the nuclear double bond also removes the chlorine atom b 
the side chain. 

n Bntith Intelligence Objective) Subcommittee. Final Report 996. H. M. Stationery Office. 
London, 1947. 

■ Butcnandt and Peters, Ber., 71, 26SS (193S). 

® Runcka, Hofmann, and Meldalil, II el). Chtm. Acta. SI, 597 (193$). 

“ Inhoffeo, Logemaon, Hoh]* eg, and Serini. Ber., 71, 1024 (193S). 

“ Runcka, Hofmann, and Meldahl. Bel). Chinu Acta. 21, 373 (193$) 

a Marker, Wittle, Jones, and Crooks. J. Am. Chem. Soc.. 64, 12S3 (1942). 

41 Schrmdlin and Mieseher, licit. Chtm. Ada, 32, 1797 (1949). 

** Runcka, Goldberg, and Hardegger, Belt Chtm. Ada, 22, 1297 (1939). The position 
ot tha A 17 ~ M double bond was established subsequently, tbtd . 25, 1297 (1942) 

** Meystre, Frey, Ncher, IVcttsteui, and Mieseher, Bel). Chine. Acta, 29, 632 (1946). 

** Meystre. WetUtcin, and Mieseher, Belt Chun. Ada, SO, 1025 (1917). 

° Meystre and Wettsteia. Belt. Chtm. Ada, 30, 1261 (1947). 

** Wieland and Mieseher. Belt. Ckim. Acta, 32. 1764 (1919). 

* Levin, Spero, McIntosh, ffej I, an<2 Thompson. ASdmdt. p. 33 L, A.CS. San Francisco 
Meeting, April, 1919. 

10 Spero, McIntosh, and Levin, J. An. Chem. Soc., 71, S34 (1949). 

“Julian, Colo, Me>er, and Hernoss, J. Am. Chem. Soc., 67, 1375 (1945). 

** Julian, Mejer, and Printy. J. Am. Chem. Sac., 70, S90 (194S). 

" Fernhol* and Stavely. J. Am. Chem. Soc., 61, 2950 (1939). 

“ Reich and Reichstem, Belt. Chtm. Ada, 22. 1124 (1939). 

** Reichsteia and v, Euvr, Belt. Chun. Ada, 39, 136 (1940). 
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Acid-labile acetals (e.g., XVTII “), mercaptals, or ketals (e.g., XIX '*) 
are amenable to oxidation via the Oppenauer procedure, and such e:c- 



Additional examples illustrating the oxidation of unsaturated alcohols 
can be found in Tables II and V. Noteworthy are the unsaturated 
lactone XX/ 5 the phenolic derivative XXI/* and the sensitive 16,17- 
oxido-20-keto derivative (XXH, R = H, 0C0CH 3 )/’--' :l which are 



CH,B 



xsn 


M S cr . indi-r . Frey, sad SeichKeis, Kdz. Cf.iai. Ada, 24, 360 (1341). 

S-.e'sir ssd BeicAKeis, ffdir. CSOr-.. _4c£e. 21 , ITT (1S3S). 
a Rciicts. Plsiissr, Fuck, ssd Hecsser. Star. Ctici. Ada. 20, 605 (1S47). 

“ H nr . -V s. Prsfc^sxd Bsitecs;.'. 7/<dr_ CZisj. dcic, 31, 1300 (iC-li). 
c Julies, Meyer. jssrpel, sed Hydra. _T. ia CArej. .Sxs, 71, 3574 (104S): Jtdisc, Meyer. 
Ksr^i. sr-d WsHer, iSif.. 72, 5145 (1350). 

c Jslisrt, Meyer, cr.d R\ di-u, J. „4m. CAtn. Focc, 72, 363 ( 1350 ) - 
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oxidized in excellent yield to the corresponding a,£-unsaturated 
ketones. 

A number of non-steroid unsaturated alcohols have been oxidized in 
one step by the Oppenauer procedure; alternative procedures would 
have been more cumbersome and would have resulted in lower yields. 
In common with phenanthrene derivatives (e g., XXIII **) similar to 
the steroids discussed above, A 8,3 -l-octalone (XXV) is obtained 63 in 
74% yield from A 9|1Q -I-oetalol (XXIV). This last example involves a 
rearrangement of a double bond from one a,0 position to another, and 
this fact should be considered in structural studies since it is generally 
assumed that the shift of a double bond in an Oppenauer oxidation will 
involve migration from the to the afi positions. 34 The thiopyran 
derivative XXVI was smoothly oxidized, presumably without migration 
of the double bond. 33 



xxiu xxiv xxv 


The polyenes, a-ionol (XXVII, It = H) and a mixture of o-(XXVII, 
II = CH 3 ) and -y-irol ** are oxidized to the corresponding ketones in 
good yield. A similar observation has been made in respect to the con- 
jugated diene XXVIII, H although with the related ,5-ionol considerable 
resinification was encountered. 84 The Oppenauer oxidation of secondary 
alcohols similar to XXVII has proved to be of exceptional usefulness in 
the preparation of a number of vitamin A analogs ,7_7 ° The reaction is 



XX\ I XXVII 


“ Koster and I-ogc-mann. Her . 73, SOS (1940) 

“Campbell and Harris. J. .4m CArm. Soc . S3. 2721 (1941). 

“lluiicka, Key. SpiUmann, and Baumgartner. IW>. CAim -4ila. 26, 1653 (1943) 

“ Runcka, S«dd, Sclun*. and Tar cl, Htl t Clin. Acta, SI, 277 (194S). 

“Mila*. Lee, Sakai, Wohlers. Mar Donald, Gross!, and Wright, J. Am CKtm. Sot.. 
70, 15S4 (194S). 

87 Chauley and Sobol ka, J. Am. Chtn, Soc ., 7t, 4141 (1949) 

* lleilkron. Jones, and Richardson, J. Ckcm. Soc.. 1949, 292 

88 llcilbron, Jones, Intis, llicbardacai, and Wesion, J. CAcm. Soc , 1949, 742. 

18 lleilbron, Jones, Lems, and Wcolon. J . Ckcm, Soc . 1949, 2023. 
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equally applicable to open-chain, unsaturated alcohols such as the 
octatrienol XXIX, 71 which afforded 80% of the corresponding ketone. 

\/ 

|^^CH==CHCH(CH 3 )CHOHCH ; CH 3 
^ xxvm 

CH 3 CHOHCH=CHCH=C(CH 3 )CH==CH s 

XXIX 

Polyhydroxyl Compounds 

The simultaneous oxidation of two hydroxyl groups can be accom- 
plished in both saturated and unsaturated compounds unless stenc 
factors intervene. Thus methyl hyodesoxycholate (XXX) is oxidized 
to methyl 3,6-diketoaZZocholanate (XXXI, R = C&H 11 O 2), 72 inversion 
occurring at 05 during the process. The unsaturated diol XXXII 
affords a good yield of the corresponding diketone . 73 Analogies from 
steroid chemistry cannot alwaj-s be applied to simpler compounds, as is 
shown by the oxidation of A 4 -cholestene-3.3,6 (a and fi)-diol (XXXIII),' 1 ' “ 
which leads to the saturated diketone XXXI (R = CsHit), while A 9,10 - 
octalin-l,5-diol (XXXIV) undergoes oxidation of both hydroxyl groups 
to the umalurated diketone.* 3 Of interest is the fact that the 3.5,19-tri- 
hydroxy steroid XXXV was recovered completely unchanged under 2 
variety of conditions. 75 Since the hydroxyl groups at positions 3 and t> 
are cis to each other, an aluminum complex involving both of them may 
be the interfering factor; supporting evidence for complex formation 1 = 
afforded by the successful oxidation of XXXV when Raney nickel " 
was substituted for the aluminum alkoxide. When the hydroxyl groups 
are tram to each other, the C-5 substituent suffers dehydration. 71 - n 
The Oppenauer reaction has been particularly useful in the preferen- 
tial oxidation of polyhydroxyl compounds of the steroid series, and all 
such examples have been collected in Table IV. The order of oxidation 
appears to be almost the reverse of that found with chromic anhydride. 

71 Chees era a n . Hetlbrcn, Jc.no. Sondheimer, and Weedon. J. Clem. See.. 1349, 2031. 
"Gallagher and Xenos. J. Biol. Clem.. 165, 365 (1340;. 
n Levin, Seero, Mclr.lceh. and Rayrnan. J. Am. Clem. See., 70, 2000 (1043). 

• l Batenandi and Kauamann. B't.. 70, 1150 (1937). 

3 P-el&g and Tagrr-ann, Hdz. dim. Ada, 27, 1371 (1944). 

ELrerarein. Jo'r.nv,n. Olmated. Vivian, and Wagner. J. Orj. Clem.. 15, 204 (IOoOj. 

" Kleiderer and Kom/eld, J. Or y. Clem., 13, 455 (1043). 

3 P. Lancia and Mohr. Hdz. Chin. Ada, 27, SCO (10-44). 

3 Henheal and Jonei, J. Clem. See.. 1343, 1707. 
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In the cholic acid series, the following order prevails with chromic an- 
hydride: C-7 > C-12 > C-3; in hyodesoxycholic acid (XXX), the C-6 
hydroxyl group is oxidized in preference to the onj at C-3, and similarly 



OH 

xxxm 




OH 


XXXV 

C-U is oxidized before C-3. With the Oppenauer reagent, on the other 
hand, a C-3 hydro'll group is always attacked first, while one at C-1I 
remains untouched. Referring to the type formula XXXVI, the 
following partial oxidations ha\e been accomplished by Oppenauer’s 
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method: C-3 vs. 0-12;^ C-3 vs. C-lTa; 65 C-3 vs. C-ll; 86 - 87 03 us. 
C-6; 72 C-3 vs. C-20; 72 - Efi - 88 C-3 vs. C-7 and C-12; 81 - 8i - S3 017 vs. OH; 53 
and 020 us. 011 91 in contrast to chromic anhydride (Oil us. 020). 
The superiority of the Oppenauer procedure is exemplified by the one-step 
oxidation S3, 54 of methyl desoxycholate (XXXVII) to the corresponding 
3-ketone XXX. VIII in 57-63% yield; the alternative method of partial 
saponification and chromic anhydride oxidation involves five steps. 


C 



xxxvm 

When one hydroxyl group is activated by a double bond, preferential 
oxidation appears even easier. The unsaturated alcohol XXXIX is 
oxidized to the corresponding A 4 -3-ketone in fifteen minutes; 92 in the 
mixed primary-secondary alcohol XL, the primary hydroxyl group 

50 Ehrenstein and Stevens, J . Org. Chem., 5, 671 (1940). The structure origin 3 ^' 
assigned to the triol was revised by Ehxenstem, J. Org. Chem., 13, 222 (194S). 

a Gallagher, J. Biol . Chem., 133, XXXVI (1910). 

s Fuchs and Reichstein, II dz. Chim. Ada, 26, 523 (1943). 

M Riegel and McIntosh, J, -4m. Chem. Sec., 66, 1099 (1944). 

M Jones, Webb, and Smith, J. Chem. Soc., 1949, 2194. 

a Marker and Rohrmann, J. Am. Chem. Soc., 61, 2721 (1939). Klyne, Xalure. 

559 (1950), has shown that Marker’s “urane-3,ll-diol” is 17-methyl-D-homoandrostane- 
3j?,17a-diol. 

w Reich and Reich*tein, Arch, intern, pharmacod’jnamie, 6a, 415 (1941) JC. A.. 35, 5526 
(1941)1. 

s v. Euw. Lardon, and Reich^tein, Hdz. Chim. Ada. 27, 1293 (1944). 

64 Wi eland and Mieacher, Hdz. Chim. Ada. 32, 1922 (1949). 

43 Kuwada and Morimoto. Bull. Chem. Soc. Japan, 17, 147 (1942) {C. .4., 41, 4504 
(1947)1. 

*Sarett, J. Biol. Chem.. 173, ISO (194S). 

K v. Euw. Lardon, and Ueichatein. HtU. Chim . Ada, 27, S21 (1944). 

50 Jeanlox and v. Euw. Hdz. Chim. Ada . 30, .>03 (1947). 
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remains virtually untouched.” Nevertheless it should be possible to 
achieve the oxidation of another hydroxyl group in the presence of a 
A s -3-hydroxy grouping without affecting the latter, by temporajy pro* 
tection through conversion to the i-stcroid form, which appears to bo 
resistant to aluminum isopropoxide.* 4 



Some of the examples of the specificity of the Oppenaucr oxidation 
of polyhydroxyl compounds of the steroid series arc probably duo to 
tho presence of unique stcrio factora. Stcric hindrance undoubtedly is 
the reason why tho C-1I hydroxyl group remains unattacked. More 
subtle configurational effects can also bo noticed: in the C-17 epimeric 
A 5 -androstene-3|3,17-diols (IX, It = Oil),* 4 tho 17a>isomer affords 65% 
of “e»y '“testosterone (X, R =■ OH) 11 while the 175-epimer yields only 
40% of testosterone.* 1 ' **• 47 The resistance to oxidation thus parallels 
the saponification rates of the corresponding 017 esters; the proximity 
of the C-12 methylene group appears to havo a more pronounced effect 
on the 017 substituent than a cis Q?) or trans (a) relationship to the 
018 angular methyl group. 

Frequently a choice of conditions will determine the extent of oxida- 
tion. With methyl hyodesoxycholate (XXX) complete oxidation to 
the diketonc XXXI is achieved on refluxing, and selective oxidation 
of the 03 hydroxyl group on carrying out the reaction at 40°. 7J Simi- 
larly with A 6 -androstene-3j3,17|9-diol 11 the yield of partial oxidation 
product (“cis’ -testosterone) is lowered by almost one-half by doubling 
the reaction time. 


Nitrogen-Containing Alcohols 

The Oppenauer oxidation has been used with both steroidal and non- 
steroidal alkaloids. Rctronccanol (XLI) can be oxidized to retroneca- 

*» Mieschor and Wettrtem, Heir. Chin Ada, 22, 1206 (T9 39), 
and Jizyo, J. Am. Chem. Sot., 66, 724 (1944). 

*» Currently accepted conventions regarding the configuration of nuclear substituents 
In tbs steroid series arc summarised by FJeser and Fieser. Natural Product* Related to 
Fhertanthrent, 3rd od . Ilemhold, New York, 1949, and by Petit, Bull. toe. chim. France, 
1949, 545. 

M Kuwada and Joyama. J. Pham. See. Japan, 67, 914 (1937). (German summary p. 
247i see Chem. Zenlr., II. 1938, 1612.] 

n TJabakov and Chrnaeva, /. Gen . C hem. V.SS.R., 16, 661 (1945) [C. A., <0, 6879 
(1946)], 
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none 53 even though the latter compound is rather unstable. In the 
yohimbine (XLII) series,” the ketone yohimbone (XLIH) was obtained 
in nearly quantitative yield. 1 ” The previous synthesis of yohimbone 
involved alkali fusion under drastic conditions and gave only a o-jq 
yield. With the stereoisomeric yohimbene, alkali fusion results in an 
inversion, giving yohimbone (XLIH) ; under the relatively mild Oppen- 
auer conditions the isomeric yohimbenone is obtained. The correspond- 
ing free acids can be used with equal success. 



Quinine (XL IV) has been recovered unchanged under the usual con- 
ditions of the Oppenauer oxidation , 111 and this has been ascribed ' to 
complex formation with the nitrogen atom, R 3 X' r tAlR , 3. This ex- 
planation, if correct, would appear to apply to quinine only, since a 
considerable number of nitrogen-containing alcohols have been oxidized 
by the Oppenauer procedure (Table IT). Furthermore, the aluminum 
isopropoxide reduction of aminoketones in general and of quininone 
(XLVj in particular can be realized, and complex formation should also 
interfere in these instances. 11 ^ By employing potassium t-buroxide and 
benzophenone in benzene solution, it is possible to achieve a nearly 
quantitative conversion of quinine (XI. IV) to quininone (XLV), ana 
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the process is equally applicable to other 9-rubanols,®- 101 or even the 
simple benzyl alcohol XLYL ,M This modified Oppenauer oxidation 
should prove useful in the oxidation of other alcohols as well, provided 
the resulting carbonyl compound will not suffer condensation in the 
presence of the strongly basic potassium f-butoxide. 



XLIY XLY 


H.Cr^CIIgQH 

XX. VI 

No difficulty has been encountered io the oxidation of both satu- 
rated 1Mi,w and A s -unsaturated ,0 *- ,e * 3-hydroxy steroidal alkaloids. 
Oxidation of the latter compounds is accompanied by migration of the 
double bond to the A* position as observed with other steroids. 

Diazo ketones do not appear to be affected by aluminum isop ropox- 
ide, m and steroidal alcohols containing a diazo ketone group at C-17 
have been oxidized by the Oppenauer procedure.* 5, ,a ,a The mild con- 
ditions (twenty days at room temperature) employed for the con- 
version* 4 of 21-diaznpregnenolone (XLVII) to 21 -diazoprogesterone 
(XLVIII) in 6S% yield, though not necessary' in this particular case 
because of the stability of the diazo ketone XL VII in boiling benzene, 
may prove useful for more sensitive compounds. 



xlvh xl yin 

“ Woodward and Kornfeld, J. dm. Chem. Soe.. 70, 2343 (IMS). 

"* Prelog and Sipilfogel, Heir. CAtm. Acta, 47, 390 (19+4). 

“ Rochelmner. dreA Pham., 277. 340 (1939). 

** Ilochelmej er. drcA. Pharm . 277. 339 (1939). 

,a Jacobs and Craig. J. Btol. Chen., 159, 617 (1945). 

“* Jacobs and Huebner. J. Bui. Chem., 170. 643 (1947). 

“* Jacobs and Sato. J. Biol. Chen.. ITS, 57 (194S). 

°» Lut* rf ul„ J . dm. Chem. Soe.. 68, ISIS (1946). 

Ehreostein, J. Ory. Chem., 9, 433 (1944). 

“ KeicbsSein, U. S. pat. 2,404.763 [C. d.. 40. 6222 (1946)). 
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Oxidation of Primary Alcohols 

Isolation of Aldehydes. Until very recently the Oppenauer reaction, 
except in isolated instances, has not been used as a preparative method 
for the oxidation of primary alcohols to aldehydes because the aldehydes 
condensed with the hydrogen acceptor (see below). In 1926, Pondorff 3 
showed that 1-menthol could be oxidized to menthone with aluminum 
isopropoxide in the presence of cinnamaldehyde by continuous removal 
of the menthone. This procedure was subsequently extended s to pri- 
mary alcohols, such as benzyl alcohol and 1-butanol, but has not found 
any general applicability because of the large excess of alcohol necessary. 

By substituting quinone for acetone or cyclohexanone as the hydrogen 
acceptor, it has been found possible to oxidize unsaturated primary 
alcohols to the corresponding aldehydes. 111 Benzyl and anisyl alcohol 
gave 50-60% of the aromatic aldehyde, furfuryl alcohol 20% of furfural, 
and geraniol 38% of citral. Saturated alcohols, such as 1-heptanol or 
3-phenyl-l-propanol, gave onh" very poor yields (5-8%) of aldehyde by 
this method. A special case is vitamin A aldehyde, which was obtained 
from vitamin A in the presence of acetaldehyde, 114 whereas with other 
hydrogen acceptors only side reactions were observed. 11 - m 

Schinz and Lauchenauer u£ - 117 have developed a general preparative 
method for the Oppenauer oxidation of low-molecular-weight primary 
alcohols to aldehydes. The procedure is essentially a reversal of the 
Meenvein-Pondorft-Verley reduction 1 but does not require an excess oi 
alcohol: 5 the alcohol to be oxidized is convened completely into its 
alumina te; an aldehyde (e.g., cinnamaldehyde or anisaldehyde) with a 
boiling point some 50 5 higher than that of the expected product is added 
to serve as the hydrogen acceptor, and the product is slowly distilled 
under reduced pressure. As illustrated in Table VII, this procedure has 
proved quite useful for the oxidation of a number of unsaturated pri- 
mary alcohols and has succeeded even with alcohols (e.g., citror.ellob 
where the conventional Oppenauer oxidation using quinone 111 failed. 
Ketones, such as benzophenone, can also be employed as hydrogen 
acceptors, and this experimental modification of the conventional 
Oppenauer oxidation promises to be of general use, even in the Iarge- 

a* YaciXihita ar.d Xlaiaumiira. J. Ckm, So c. Jo per.. 64, SOS (1343; [C. .1.. 11, 3733 
(1347)3. This article ar.-i references IIS and 125 -sere kindly translated by Dr. Y. Sato 
of tbe flockefencr Institute. 

Ha* IS its and Hunur. J. CUrr.. S«n. 19-U, 411. 

HtXLroa. Jccmna. and Jones. J. Chr- 1 . see.. 1939, 1503. 

;J SeUr.r. Laaci.es.aaer. Je;er. and ll .-rs. Hdz. Chin. A c!,z. 31, 2233 (13ts); H-esP 
and I'S- r. -i. 31, 173> (13*',;. 

“ l—rci.tl.nner and Scnina. Hi'-:. Chin. ,ler, 32, 1263 (1343,-. 
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scale oxidation of low-molecular-weight secondary alcohols such as 
the acetal VUI derived from nldol.** 

Simultaneous Condensation of Resulting Aldehydes with Hydrogen 
Acceptors. Initial attempts to apply the usual Oppenauer procedure to 
primary alcohols such as vitamin A **■ IIS demonstrated that the aldehyde 
condensed with the acetone used as the hydrogen acceptor: 

RCH.OH -* RCHO — RCH = CHCOCHi 


As pointed out in the preceding section, this condensation can be pre- 
vented by the proper experimental modifications. However, in many 
instances this condensation is desirable. Geraniol (XL IX, R = H) in 
the presence of acetone and aluminum aikoxidcs affords ^-ionone (L, 
R — H) in good yield,' and (he reaction lias been applied with 
conspicuous success to the methylated geraniols. Thus, from 3- 

methylgeraniol (XLIX, R = CH 3 ), <f?-^-irone (L, R = CII 3 ) was ob- 
tained. This Utter compound on cycli ration gave dl-at-iione (LI), 
providing a total synthesis of this important perfume. 

CUCGCH, ^ H 4 CQ^jcH-CHCOCH, 

VI. TV Xj 1J 

The one-step oxidation-condensatioD reaction has been studied with a 
number of primary alcohols such as phytol, 1 " cinnamyl alcohol, and fur- 
furyl alcohol," using acetone," diethyl ketone, 115 or methyl ethyl 
ketone 114 as the hydrogen acceptor. Activation of the hydroxyl group 
by adjacent unsaturation w does not seem necessary. la A variety of 
intermediates for polyene and isoprenoid syntheses has been prepared 
by such procedures,' and all such examples are collected in Table 

u » Yaroashita and Ilonjo, J. Chem. Soc Japan, 63, 1335 (1942) [C. A , 41, 3011 (1947)]. 
u * Tavel, Sc D. Thesis, Ejdgendss. Techn. Itochschule, Zllrich, 1946, pp. 54-59. 

““Nases, Grampoloff. and Bachtuana, /Wi. CAin. Acta, 30, 1607 (1947). 
m Schini, Ruiicka, Seidel, and Tavel. Hdt Chim Acta, 30, 1S13 (1947); Seidel, Schini, 
and lluucka. ihid., 32, 2113 (1919). 

,a Winter. Schini, and Stoll, licit. Chim. Acta, SO, 2215 (1947). 

M Jlouvi and Stoll, Hele. Chim. Acta, 30, 2220 (1947). 

1,1 Karrer and Epprecht, Veit, Chi m Ada, 24 , 1043 (1941). 

ui Yamasbita and Shimano, /. Chem. Soc . Japan, 63, 133$ (1942) [C.A,, 41 , 3042 (1947) J. 
l ® MiIm and Harrington. J. Am. Chem. Soc ^ 69, 224S (1947). 

' SI Milas, Grossi, Penner, and Ivahn. J. Am. Chem, Soc., 70, 1292 (194S) 
m Karrer and Beni, Hell. Chim Ada. 22, 232 (1949). 

** Karrer. Karanth. and Beru. licit. Chtm. Ada, 32, 436 (1949). 

II. Schini, private communication, cf, Simon, Thesis, Eidgenoss. Techn. Ilochschule, 
ZUnch. 1943. 

“ Zobrist and Schini, licit. Chim. Ada, 33, 1195 (1949). 

H. Sclum, prii ate communication; cf. Zobnst, Thesia, Eidgen&sa. Techa. Hochschule, 
Zllrich, 194S. 
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VIII. The al uminum alkoxide catalyzed condensation of carbonyl com- 
pounds involves very mild conditions, 133, 134 and side reactions, such as 
the loss of a formyl group, 135 rarely occur. In Oppenauer oxidations of 
primary alcohols where subsequent condensation of the aldehyde is 
desired (Table VIII), it may be necessary to use larger amounts of 
aluminum alkoxide since the water formed during the condensation will 
remove an equivalent amount of catalyst. 


Side Reactions 

Two common side reactions which have already been discussed are the 
migration of a double bond as observed in the oxidation of A°-3-hydroxy 
steroids to the A 4 -3-ketones, and the condensation of an aldehyde with 
the hydrogen acceptor. The loss of a 7-alkoxy group in cholesterol 
derivatives ^ 137,133 is not encountered elsewhere and is probably asso- 
ciated with the unusual reactivity of the C-7 position of A J -steroids as 
illustrated by the quinone oxidation of A s -3-hydroxy steroids to the 
A 4,6 -dienones (LIT). 139 Occasionally the dehydration of secondary 1,1 
and tertiary alcohols 7S - 79,141,142 is noted, and partial lyd roly sis of 
esters 541,3 may occur although a choice of conditions mat’ prevent it. 
Cholesterol acetate is hydrolyzed to a certain extent by aluminum iso- 
propoxide, 11 " but not by the f-butoxide. 4 The apparent loss of the ele- 
ments of acetic acid from a 3-acetoxy -4-hydroxy steroid has been re- 
ported. 115 Inversion of configuration of an asymmetric carbon atom 
adjacent to the hydroxyl group to be oxidized has been observed for 
both aluminum 72,145 and potassium t-butoxide 9,102 catalyzed Oppenauer 
113 Wayne and Adkins, J. Am. Chem. Soc., 62, 3401 (1940). 

*** Heilbron, Jones, and Lacey, J. Chem. Soc., 1946, 29; Heilbron, Johnson, Jones, and 
Spinks, ibid., 1942, 733. 

13 Wilds and Djerassi, J. Am. Chem. Soc., 68, 171S (1946). 

13 Henbest and Jones. Xature . 158, 950 (1946); J. Chem. Soc., 1948, 1793. 

157 Bergstrom and Wintersteiner, J. Biol. Chem., 143, 506 (1942); Bergstrom. Aririr 
Kemi, Mineral. Geol., 16A, No. 10, p. 25 (1942). The alcohol was believed to be A*- 
cholc=tene-3,5-diol, but the correct structure has since been shown (ref. 136) to be 7 -ethoxy- 
cholesteroL 

^ Prelog, Ruzicka, and Stein. Heir. Chim. Ada, 26, 2239 (1943) ; the structure originally 
assigned to the starting material has been corrected (ref. 136). 

13 Wettstein, Hclz. Chim. Acta, 23, 333 (1940). 

143 Marker and Turner, J. Am. Ci^em. Soc., 62, 2541 (1940). 
su Marker and Turner, J. Am. Chem. Soc., 64, 4S2 (1942). 

152 Julian and Cole, U. 5. pat. 2,391.551 [C. A., 40, 2593 (1946)]. 

:u Reichstein, Meystre, and v. Euw., Hclz. Chim.. Ada, 22, 1107 (1939). 

Win da us and Schenck, U. 3. pat. 2,093,935 [C. .4.. 32, 196 (1933)]. 

^ ia S. Liebcrman and D. K. Fukushlrna. unpublished observation, and J. Am. Chem. 
S oc.. 72, 5210 (1950). The acetoxyl group may have been hydrolyzed in working up the 
reaction mixture. 

’** Unload. Whetstone, and Levine, J. Jn. CUm. Soc.. 64, 2021 (1942). 
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oxidations. Formyl groups may also be lost with either reagent. 14 ' 1M 
Ring enlargement appears to occur during the Oppenauer oxidation of 
steroids containing the 1 “-aeetyl-17-hydroxy grouping (LII) with the 
formation of the D-homo compounds (LIII) ; 117 ~ lM but, since alumina 
also promotes such rearrangements ur and all but one of the reaction 
mixtures ,s ® were chromatographed over alumina, the results are not 
conclusive. The corresponding 16,17-oxido derivatives do not suffer 
ring enlargement.* 411 An unusual reaction is the Oppenauer oxidation 
of the triphcnylmethyl ether of the triol LIV u to A l -androstene-3,17- 
dione (LV) iu 42% yield with loss of the entire side chain. 



LIT LV 


CHOICE OF EXPERIMENTAL CONDITIONS 
Aluminum Aikoxides 

The three most common catalysts in the Oppenauer oxidation are 
aluminum t-butoxide, isopropoxide, and phenoxide. The f-buto\ide was 
used initially by Oppenauer,* and its use has persisted, but there are 
very' few reactions in w hich it has proved superior to the others. Alum- 
inum isopropoxide and, in particular, the phenoxide are much easier 
to prepare, although this may not hat e too much influence on the choice 
of reagent since the alkoxides are now commercially available. No 

,a Stands, j- Am. CAcm. S3. 3127 (1341). 

»“ Keener and ltwchstMn. HtU. CAim. Acta, 14, S12 (1311). 

"* v. Euw and Rejchstem. HtU. CAim. .Ido. 14. SS3 (1311). 

“•Goldberg. Aeschbaeher. and Hardcgger, HtU. CAim. Acta, 16, 6S4 0943). The 
structure ol lb* product not definitely established. 
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thorough comparison has been carried out ^ 

the three alkoxides possesses special merit, i lnis ■» um,nu ! tcd 
is superior to the Z-butoxide for the oxidation of 1 b j n0 

hydroxy steroids « in the presence of acetone and l)cn/ f“ 1 ’ idc 
comparison was made 151 between aluminum phenoxide and te0 l ,r °P \ , 
iii'con junction with cyclohexanone and toluene. Ahumnum ^le 
has been reported * to be superior to alt other alkox uk» . i 1 „ 

oxidation of A 5 -androstene-3,i,l.ii-diol, but m another < 
the Z-butoxide appeared to be equally satisfactory. t ; cU . 

Aliuninum Z-Butoxide. Detailed methods*- are from 
larly in Organic Synthe#*,** for the preparation of the Z-b ^ 
aluminum, /-butyl alcohol, and mercuric chloride. Of u 

mercury is not separated,' 5 and most preparations contain -- 1 
of mercury or mercuric chloride. 1 1 ,gh-vacuum subl.i nation afford^ 
white powder 153 - 151 free of metallic impurities; however, ^tudi 
such material 111 have indicated that zinc, aluminum, or mcreunc _ ^ 

may exert a promoter effect in certain Oppenauer oxi< a ions s 
that noted in the Tishchenko condensation. 1 - 5 It the promoter 
certain impurities is established it might explain the sometimes t 
ing reports from various laboratories on the advantages of certain • 
ides. The relatively short time employed in the oxidation of »u 
steroid alcohols 15 with unpurilied Z-butoxide as compared to tlie fc> 
time for comparable unsaturated alcohols 1: 53 with purified ma 
may be due to a promoter effect of mercuric chloride. 

The Z-butoxide may be preserved in toluene solution, am a iq 
added to the reaction mixture with prior centrifugation 51 to rein 
traces of aluminum hydroxide. Since aluminum Z-butoxide decompose 
slowly in solutions above 1 15°, xylene is about the highest-boiling so ' 
that can be recommended for use with this reagent. 133 

Aluminum Isopropoxide. Directions for the preparation of a u | nin5 ^ 
isopropoxide are given in an earlier volume of this series. 1 * a cr .^ 
prepared in this manner appears to exist in various degrees of as =° c ^ 
tion, thus accounting for the numerous observed melting points, 
detailed study of several factors (aluminum particle size, moisture con 
tent, catalysts, etc.) entering in the preparation of aluminum alkoxi 
has been reported. 157 In a version 15 - i5 - 17 of the Oppenauer oxida io 


151 T. Reichstein, private communication. 

Wayne and Adkins, Org. Syntheses, 21, 8 (1941). 

R. H. Baker, private communication. 
v* Baker and Abramovitch, unpublished observation. 

IS Chad and Adkins, J. Am. Chem. Soc., 45. 3013 (1923); 47, 79S (1925). 

156 Macbeth and Mill**. J ■ Chem. Soc., 1949, 2648. 

15J Brown, Abstracts, p. 40M, A.C.S. Atlantic City Meeting, September. 1949- 
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described in detail in the experimental section, a solution of aluminum 
isopropoxide in toluene is used. It may be advantageous to store the 
reagent in that form, for 25-30 weight per cent solutions can be readily 
prepared 87 and material which crystallizes from such solutions on 
standing can be redissolvcd by warming. Since the isopropoxide is easy 
to prepare and has been used in a variety of reactions, it is probably 
the preferred catalyst. It is generally used in commercial operations. 87 
Nothing seems to bo known about possible promoter effects in aluminum 
isopropoxide-catalyzcd Oppcnauer reactions. Occasionally 155,158 alumi- 
num isopropoxide has been added to a solution of the alcohol to be 
oxidized, all the isopropanol formed during the interchange with the 
alcohol being removed by distillation before introduction of the hydrogen 
acceptor. Such a procedure has proved to be especially advantageous 
in the oxidation of primary alcohols to the corresponding aldehydes. 11 * 117 
Aluminum Phenoride. Aluminum phenoxide is particularly easy to 
prepare, although it is almost invariably contaminated by phenol. This 
is especially true of those procedures ”• 118,180 ^ which aluminum foil or 
shavings are added to hot phenol in the absence of a solvent, and the 
cooled and crushed material is used directly. The reaction can be 
started by tho addition of traces of iodine or mercuric chloride. A purer 
product is obtained 83 by conducting the reaction in benzene solution 
and isolating the product by concentration and precipitation with 
petroleum ether. No direct comparison among phcnoxidcs of differing 
degrees of purity has been made, but material prepared without solvent 
was found to be satisfactory for the oxidation of geraniol to ^-ionone, 118 
and to compare favorably with aluminum f-butoxide. The phenoxide 
prepared 3n benzene solution is claimed “ to be superior to other alii ox- 
ides in the oxidation of saturated alcohols. 


Other Catalysts 

Chloromagnesium alkoxides have been suggested in the patent litera- 
ture 80,158 as catalysts for the Oppcnauer oxidation, and they have been 
used occasionally for tho reduction of carbonyl compounds. 8 Potassium 
<-butoxide has been proved to be superior to the aluminum derivative in 
the oindstion of quinine sad nehtted compounds 8 IM,iM but it enn be 
used only with carbonyl compounds and hydrogen acceptors that do 

,M Chinaeva, Xjbhakov, and Msrehevskii. J . Gen. Chem. U.S.S It., 9, 1865 (1939} [6. A ., 
3», 4073 (1940)]. 

"• Senni. Kbster. and Strassberger. U. 8. pat. 2.379.832 [C. A., 39, 5053 (1945)]. The 
corresponding Fr. pat. 822.551 v.aa granted in 193S. 

>«Cook, J. Am Chem. Soc . 28. 60S (1906). 
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not undergo condensation in its presence. Although not within the 
scope of the Oppenauer reaction, it should be noted that a Raney nickel 
catalyst 77 was effective in the oxidation of a number of alcohols when 
substituted for aluminum alkoxides. 

Hydrogen Acceptors 

Acetone in conjunction with benzene as a solvent was used exclusively 
by Oppenauer 4 in his original studies, and this ketone has remained one 
of the most widely used hydrogen acceptors. However, with the intro- 
duction of cyclohexanone 153 and the concomitant use of toluene or 
xylene as solvents, higher reaction temperatures and shorter reaction 
times were achieved. In an extensive polarographic study, Adkins and 
co-workers 161-131 determined the apparent oxidation potentials and 
relative reactivities (based on diisopropyl ketone) of ninety ketones of 
various structures. On the basis of these results, the important features 
of a useful hydrogen acceptor in the Oppenauer oxidation were considered 
and five of the more readily available ketones were studied in detail. 1 ^ 
Although a high oxidation potential is desirable, a comparatively low 
one can be offset by using a large excess of the ketone. Acetone, with a 
relatively low potential (0.129 volt), is cheap and can thus be used 
economically in large excess. It is low boiling, and even its condensation 
product, mesityl oxide, always formed by the aluminum alkoxide- 
catalyzed self-condensation, 113 can be removed fairly readily. 

Cyclohexanone not only has a higher oxidation potential (0.162 volt) 
than acetone, but the higher boiling point permits a shorter reaction 
time (about one-tenth of that necessaiy with acetone) and thus reduces 
side reactions due to condensation. Cyclohexanone is also readily avail- 
able and is particularly useful with steroids, since it can be separated 
from the reaction product by steam distillation. 

Methyl ethyl ketone and benzil have been studied by Adkins and 
Franklin; les the diketone would appear to be useful in the preparation of 
comparatively low-boiling carbonyl compounds, although to date it 
has been employed only for the oxidation of benzohydrol. 163 

Methyl ethyl ketone 113 and diethyl ketone 113 have been examined for 
use in the oxidation of primary alcohols but were found to undergo 
condensation with the resulting aldehyde, as is true with acetone. An 
unusual reaction observed when diethyl ketone was used as the hydrogen 

111 Adkins and Cox, J. Am. Chem. Soc., 60, 1151 (193S). 

■ a Cox and Adkins, J. Am. Chem. Soc., 61, 336-i (1039). 

Baker and Adkins, J. Am. Chem. Soc., 62, 3305 (1940). 

111 Adkins, Elofson, Rossow, and Robinson, J. Am. Chem. Soc., 71, 3G22 (1949). 

13 Ad kina and Franklin, J. Am. Chem. Soc., 63, 23S1 (1941). 
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acceptor in the oxidation of vitamin A was the apparent introduction 
of a double bond into the ionone ring.* 66 
In the modified Oppenauer oxidation of quinine in which potassium 
f-butoxide was used,* benzophenone was found to be a satisfactoiy 
oxidizing agent since it cannot undergo condensation in the presence 
of the strongly basic catalyst. This ketone also was superior to all other 
hydrogen acceptors in the modified Oppenauer oxidation (continuous 
distillation) of the acetal of aldol (VIII). 5 ' It is interesting to note that 
fluorenone, with a lower oxidizing potential than benzophenone, was 
effective 101 in the oxidation of ept'-quimdine, which could not be oxidized 
with benzophenone. The unusual reactivity of fluorenone was also 
observed in the polarograpliic studies. 16 * 

The uso of catalytic amounts of anthraquinone in place of the usual 
large excess of hydrogen acceptor has been suggested, 167 since anthra- 
hydroquinono is readily oxidized to the quinone by air. Test runs at 
room temperature in conjunction with polarographio determinations 
proved the feasibility of this suggestion in the oxidation of benzohydrol 
and fluorcnol. Cholesterol was also attacked, although no definite 
product was isolated. Since the reactions at room temperature required 
from fifty to four hundred hours, an attempt was made to examino the 
usefulness of this catalytic method on a preparative scale by refluxing 
cholesterol for as long as sixteen hours. 166 Only a poor yield (7%) of 
A*-choIcsten-3-one w as obtained. 

p-Benzoquinone is of unusual interest ns a hydrogen acceptor, and its 
very high oxidation potential (0.71 volt) has been ascribed 166 to isomeri- 
zation of its reduced quinol form to the benzenoid hydroquinone. 
Although quinone and its reduction product, hydroquinone, introduce 
certain difficulties in the isolation of the reaction product, the rapid rate 
of reaction with quinone permits the use of relatively small quantities 
(I to 3 moles) and low temperatures (25-60°). 156 Quinone is one of the 
few hydrogen acceptors that allows the isolation of aldehydes in the 
unmodified Oppenauer oxidation of primary alcohols. 11 * Although the 
basis of its usage is largely empirical, quinone seems to be the best 
hydrogen acceptor for the oxidation of triterpenoid alcohols. 1 *- tw.uo.ni 
An unexpected extension of the Oppenauer oxidation was discovered 
by Wcttstcin, m who noted that replacement of acetone or cyclohex- 
anone by quinone in the oxidation of A s -3-hydroxy steroids (IX) resulted 

Haworth. Hulbron, Jones. Morrison, and Poij a. J CKrm. Soe., 1939, 12$. 
i» Baker and Stanonis, J. Am. Chen. Soe . 70, 2594 (194S). 

Djeras&i, unpublished observation. 

“» RucKlfc and Hey, Hrl». Chim Ada. 84. 529 (1911). 

Biedebach. .IrcA. I'harm , SSI, 69 (1943). 

*n lied br on, Jones, and Hobuu, J. Clrn. Sec , 1949, 44S. 
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in the formation of the corresponding A 4 ' 6 -3-ketosteroids (LYI). The 
yields were not specified, but subsequent work U3,172 ' 17i ' has indicated 
that approximately 40% of the pure doubly unsaturated ketone LVI 
may be obtained. The nature of the C-17 substituent (R. = CO 0 CH 3 , 
C 8 H 17 , COCHs, OCOC 6 H s ) does not seem to be critical although the 
ketol side chain, COCH 2 OCOCH 3 , is decomposed to a certain extent. 



Other satisfactory syntheses for such dienones from the same starting 
material (IX) involve at least three separate steps, one of which is 
usually an ordinary Oppenauer oxidation. The mechanism of this 
unusual reaction is not clear, but it appears that the steric peculiarities 
of the steroid molecule and the unusual reactivity of position 7 in A - 
unsaturated steroids are important factors. Under the same conditions 
saturated steroid alcohols give the saturated ketone 135 and A 4 -3-keto- 
steroids remain unaltered . 135 - 153 On the other hand, the A°-3 -ketone L't II 
(R = OCOC 6 H 3 ) does afford 133 the dienone Ltd in about 25% j-ield , 1 ' 1 
and it maj r well be the key intermediate in the reaction, since the usual 
Oppenauer oxidation of A°-3-%droxi/steroids (IX) probably proceeds 
through such a compound 154 although the A 4 -3-ketone (X) is invariably 
isolated. It is of interest to note that esters of A 5 - 3 -hydroxy steroids 
when heated with quinone in a sealed tube give up to 30% of the 
A 5 , 7 -3-hydroxy derivative , 175 but the conditions employed are more 
drastic than those prevailing in the Wettstein-Oppenauer oxidation. 

Until recently aldehydes have been used only infrequently as hydrogen 
acceptors. The use of benzaldehyde , 3-155 cinnamaldehyde , 3 - 5,117 and 
anisaldehyde has been cited, and acetaldehyde proved to be the only 
hydrogen acceptor effective in the Oppenauer oxidation of vitamin 
A. 11 * The Tishchenko condensation of the aldehydes used as hydrogen 
acceptors and those arising from the oxidation presents a complication,' 

133 Marker and Turner. J. Am. Chcm. So c., 63, 771 (1041). 

Ciiakov and Kfcfceleva. J. Gen. Chem. GJSJ5JI.. 14, 113-5 (1044) [C. A.. 40, 4071 
(1040)]. 

Wilds and Djcraai. J. Am. Chem. Sac.. 63, 1713 (104G). 

131 Djc.-iid. J. .In. CKcm. Sec., 71, 1000 (1040). 

"‘Milas ar.d Hczzie. J. Am. Chcm. Sec.. 60, 0S4 (1035): Milas and Milor.e. vAJ.. 63, 
735 ( 1014 ): Maaza ar.d Mi^llardi. Quad. X-Aric.. S, S3 (1011) [C. .1.. 37, 3702 (104 3)!: 
Sail. rUc. (him.. 59, 131 (1010;. 
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but this difficulty can be circumvented by continuously distilling the 
oxidation product from the reaction mixture. 1 *•*»* If such a procedure is 
employed, it is necessary to choose as a hydrogen acceptor an aldehyde 
with a boiling point higher than that of the product. 117 

With koto alcohols simultaneous oxidation and reduction may be 
achieved in the absence of additional hydrogen acceptor. Oppenauer 177 
showed that when dchydroepiandrosterone (IX, It = 0) is heated with 
aluminum /-but oxide in boiling benzene for fourteen hours approximately 
10% of testosterone (X, R *■ OH) is obtained in addition to the com- 
pletely oxidized A*-androstcne-3,I7-dionc and the reduced A 4 -andro- 
stene-3,l7-diol. Under similar conditions A 5 -prcgncn-34-ol-20-one gave 
progesterone. With both compounds the keto group present in the 
steroid serves as the hydrogen acceptor; however, the yields are too low 
for preparative purposes. A polarographic investigation 144 of this 
dismutafion indicates that the amount of the A 4 -3-kctosteroid fraction 
(using A 4 *chole&tcnone a3 the standard) could be raised significantly by 
the addition of small amounts of aluminum or zinc cidoride The pro- 
moter effect of such salts has also been observed in the aluminum 
alko-xidc-catalyzcd Tishchenko condensation of aldehydes. 14 * Dismuta- 
tion reactions similar to those considered above have been suggested 
as accounting for the abnormal products encountered in the aluminum 
isopropo.xide reduction of 7-ketocholcsteryl acetate 171 and o/hclenalin. 17 * 


Solvents 

According to Oppenauer * a solvent such as benzene is necessary for 
the oxidation of secondary steroidal alcohols when acetone is used as 
the hydrogen acceptor. Although benzene is used most commonly in 
conjunction with acetone, toluene is employed occasionally «.»»-«» 
Toluene is used almost invariably with cyclohexanone, and the reaction 
temperature can be raised even further by substituting xylene ** for 
toluene. The choice of a solvent is at times critical; eg., steroidal 
diazoketones are stable in boiling benzene solution but are decomposed 
slowly on refluxing in toluene. 4 * Dioxane has been suggested 145 as a 
sohent, but it has been used only once and then with benzene. 71 

> n Oppenauer, U. S. pat. 2,229,599 [C. A., 05. 3039 (1941)]; U. S. pat. 2,353,543 [C. A., 
39, 3430 (1945)]. 

1T * Winterstemer and Itmgh. J. .4m CAem Sot , 64. 2455 (1942) 

174 Adams and Iters, J. Am Chem. Soe , 71, 2550 (1949). 

>» Marker and Crooks. /. Am. CAem. Soe., 64, 12S1 (1942). 

“4 Marker, Crooks, Wagner, and Witlbecker. J Am. Chem. Soe . 64, 2092 (1942). 

Marker, Wagner, and Witlbecker, J Am. Chem. Soe., 64, 2095 (1942) 

184 Marker, W'agner, U1 skater. Wiltbecker. Goldsmith, and Root, J. Am. Chem. Soe., 
69, 21S5, 2209 (1947). 
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Although side reactions due to condensations of the mesityl oxide 
type are reduced by working in dilute solution, several reports ha\e 
indicated that a solvent can be dispensed with. Tavel 113 in a study of 
the oxidation of geraniol with acetone and aluminum phenoxide con- 
cluded that benzene had no beneficial influence on the yield of i/’-ionone. 
The conversion of primary alcohols to aldehydes, in which higher-boiling 
aldehydes were used as hydrogen acceptors M17 and the product removed 
by continuous distillation, has been carried out successfully without 
diluents. That solvents may not be necessary even in the case of 
steroidal alcohols is indicated in a patent 153 in which it is reported that 
nearly quantitative yields are obtained by heating the steroid in cyclo- 
hexanone in the presence of aluminum isopropoxide for a short time, 
independent confirmation is necessary to substantiate this claim. 


Time and Temperature 

Time and temperature can be varied over a wide range, depending 
on the alcohol to be oxidized, although the choice of solvent and hydrogen 
acceptor naturally controls the maximum temperature that can be 
reached. As a general but by no means universal rule, experiments in 
refluxing benzene and acetone are conducted for four to twenty hours, 
whereas with boiling toluene and cyclohexanone only fifteen minutes 
to two hours is required. There are obvious exceptions to the above 
generalization, but in most instances described in the literature the 
optimum length of time has not been determined. In a detailed study 
of the Oppenauer oxidization of geraniol 113 only a slight increase m 
yield was observed when the reaction time was increased from twenty- 
four to sixty-eight hours. A very useful variation, apparently applica- 
ble to both saturated 13>1M and unsaturated 15 ’ 15 ’ 17 alcohols, involves the 
dropwise addition of an aluminum isopropoxide solution over a period 
of thirty minutes to a slowly distilling solution of the alcohol in toluene 
and cyclohexanone. Sensitive compounds can be oxidized at room 
temperature for several days with acetone in benzene , 55 ’ 72 or with cyclo- 
hexanone or quinone in toluene . 165 Because of the rapid rate of reaction, 
oxidations with quinone often require lower temperatures than the corre- 
sponding oxidations with other hydrogen acceptors . 155 Reactions can 
also be carried out in a sealed tube . 57 ’ 3I - 111 For the simultaneous oxida- 
tion and condensation of primary alcohols with acetone, a reaction time 
of twenty-four to forty-eight hours appears necessary. 

Meystre and Wettstein, Hdn. Chim. Ada, 30, 104G (1947); 31, 1895 (1948). 
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Ratio of Alkoxide to Alcohol 

Although only catalytic amounts of alkoxide are theoretically required 
in the Oppcnaucr oxidation, in practice at least 0.25 mole of alkoxide per 
inole of alcohol is used. Since an excess of alkoxide usually has no 
detrimental effect, 1 to 3 moles of alkoxide is recommended, particularly 
since water, either present in the reagents or formed during condensation 
reactions, will remove an equivalent amount of catalyst. The quantity 
of hydrogen acceptor to bo used is in some measure dependent on its 
oxidation potential. 1 * 4 In the oxidation of steroids, acetone is employed 
in 50 to 200 molar excess, while 10 to 20 moles of cyclohexanone and 3 to 
10 moles of quinone appear to be sufficient. These amounts can probably 
bo reduced in the oxidation of simpler alcohols, although the optimum 
proportions have to be determined for each specific system. It should 
be noted that the scale of operation is limited only by the available 
equipment, and experiments in which the amount of alcohol ranged 
from 10 mg. lu to 25.6 kg.” hove been carried out successfully. 

Isolation of Products 

A number of procedures has been used for the isolation of the product 
of on Oppcnaucr oxidation. A preliminary steam distillation of the 
reaction mixture is desirable when the oxidation product is a non- 
volatile ketone and w hen toluene and cyclohexanone are used. It is also 
advantageous when acetone is employed since condensation products 
such ns mesityl oxide arc invariably formed and these products are 
removed to a large extent by steam distillation. With particularly 
sensitive compounds like the kctol acetates a small amount of acetic 
acid may be added before the steam distillation to neutralize the reaction 
mixture. At times the steam distillation may be preceded by the hy- 
drolysis and removal of the aluminum compounds (see below). 

The preliminary steam distillation may sometimes be replaced by a 
simple distillation at reduced pressure until a nearly dry residue is 
obtained. When the system acetone and benzene is used the initial 
distillations may be omitted; the reaction mixture may simply be trans- 
ferred to a separatory funnel and extracted with a suitable organic 
solvent, and the solution washed several times with dilute acid. The 
residues remaining after the preliminary distillations are treated in a 
similar manner. Dilute alkali is often substituted for the acid washes 
in the isolation of amino ketones. With sensitive compounds, such as 
acetals or diazoketones, a solution of Rochelle salt (sodium potassium 
tartrate) is equally satisfactory. 
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When quinone is used as the hydrogen acceptor a thorough washing 
with alkali is necessary to remove the hydroquinone. Phenol (from 
aluminum phenoxide) may be removed in this maimer or at a later stage 
by high-vacuum sublimation. 87, 91 Traces of cyclohexanone may be 
extracted by washing with 40% bisulfite solution. 13,93 Low-boiling 
condensation products if not eliminated by a preliminary steam or 
vacuum distillation can be removed by storing the residue in a high 
vacuum or, better, 16, 136 by a codistillation with xylene. In the oxidation 
of amino alcohols, the resulting amino ketones can be separated from 
most of the by-products by extraction with dilute acid. It should be 
noted that neither carboxyl 99,131 nor phenolic 22,:a,59,lBi ' groups need be 
protected during oxidation, and that extraction with dilute alkali maj 
be employed for the isolation of oxidation products containing these 
groups. Finally, the carbonyl compound may be isolated directly by 
crystallization or distillation, or if present in mixtures, via Girard com- 
plexes, chromatography, etc., or by a combination of several such 
methods. TJnreacted alcohol is conveniently removed by formation oi 
its mono ester with succinic acid. 


Miscellaneous Suggestions 

In order to free the reaction system of traces of water it is advisable 
to distil a small amount of solvent from the alcohol-hydrogen acceptor- 
solvent mixture before adding the alkoxide. The alkoxide may be added 
as a solid or in solution, solution being preferable. Experience has 
shown that better results are obtained when the reaction mixture is 
not cooled during the introduction of the alkoxide, which may be added 
in one portion or stepwise. The reaction mixture and alkoxide solution 
must be protected from atmospheric moisture by a calcium chloride 
drying tube or other suitable means. 


EXPERIMENTAL PROCEDURES 

The following examples have been selected because they illustrate a 
variety of typical procedures and because they have been repeated 
sufficiently to be considered reproducible. Detailed directions for the 
oxidation of cholesterol to cholestenone in 70-81% yield by the orig- 
inal Oppenauer procedure (aluminum f-butoxide, acetone, and ben- 
zene) are given in Organic Syntheses.™ 

“ CnRjinie and Tucker, J. Am. Ctem. Soc., 70, 4134 (194S). 

Oppenauer, Orj. Synlhcsct. 21, IS (1041). 
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ds-a--Decalone. 2! ' 187 (Use of aluminum isopropoxide, acetone, and 
benzene for the oxidation of saturated alcohols.) To a solution of 1.5 g. 
of ds-a-decalol (in.p. 92°) in 150 ml of dry, thiophene-free benzene and 
100 ml. of dry acetone is added 3 g. of freshly distilled aluminum iso- 
propoxide. The mixture, protected with a calcium chloride drying 
tube, is refluxed for twelve hours. After being cooled to room tempera- 
ture, the reaction mixture is washed twice with 30% sulfuric acid, with 
water until neutral, then is dried over sodium sulfate and the sohent 
is removed under reduced pressure. Fractional distillation of the residue 
gives a fore-run of mesityl oxide, and 1.2 g. (S0%) of ci's-a-decalone 
b.p. 11 6°/ 18 mm., 1.4939; the semicarbazone melts at 219-220° 
(dec.). 

A 20,23 -24,24-Diphenylcholadiene-3,ll-dione. ls (Illustration of the 
addition of a solution of the alkoxide to a continuously distilling solution 
of the alcohol in cyclohexanone and toluene.) Three grams of A 20,23 - 
24 ,24-diphenyIcholadien-3a-ol-l 1-one (V) is dissolved in 300 ml. of dry 
toluene and 30 ml. of freshly distilled cyclohexanone contained in a 
two-necked flask equipped with a dropping funnel and a condenser set 
downward for distillation. Both the dropping funnel and the receiver 
attached to the condenser are protected by calcium chloride tubes. A 
slow rate of distillation is maintained after 100 ml. of distillate has been 
collected, and a solution of 3 g. of aluminum isopropoxide in 100 ml. of 
dry toluene is added dropwise ov cr a period of one-half hour. The flask 
is cooled slightly, 30 ml. of a concentrated solution of Rochelle salt is 
added, and steam is passed through the mixture for one hour. The 
cooled residue is extracted with chloroform, and the chloroform layer 
is washed well with water and dried, and the solvent is evaporated. 
Crystallization of the residue from ether or a mixture of methanol and 
acetone gives 2.6 g. (S6%) of A 20 23 -24,24-diphenylcholadien&-3,l 1-dione, 
m.p. 227-230°. This procedure is equally applicable to the oxidation 
of unsaturated alcohols as illustrated by the oxidation 45 (using exactly 
the same conditions as specified above) of A 5, ‘°- 23 -24,24-dipheivyl- 
cholatrien-3j3~ol (XIV) in 95% yield. 

Desoxycorticosterone Acetate.* 7 (Use of cyclohexanone and toluene 
in a large-scale preparation.) Five liters of distillate is collected from a 
solution of 600 g. of A 5 -pregnen-3d,2I-diof-20-one 21-acetate (IX, 

Ji = COCH-zOCDCHs) in 2& i. of toluene and 5,4 I of cyclohexanone 
to ensure anhydrous conditions, and to the boiling reaction mixture 
contained in a 120-1. flask is added 2.4 1. of an aluminum isopropoxide 
solution prepared by dissolving 200 g- of aluminum isopropoxide in 
2.6 1. of dry toluene and filtering. (At least 95% of the aluminum 

10 Cmashon. ri».t> TheJs. YJe. 1W3. 
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Uopropodde must dissolve in the toluene.) The reaction mjturc^ 
retie red tor thirty minutes. A solution o £ <2 ml. “ [ l0 id) 
in 720 ml. of toluene is added, the mixture n> a o 
and steam is passed through tor tour hour, ot 

distillate is obtained every seven to ten minute*. After the aa 
1 7 k- of sodium chloride and 440 g. of kieselgur, the reaction^ ^ 

cooled and the solid collected and air dried, ^^enal a^erm. ^ 

walls of the flask is recovered by extraction with ho o ^ for 

dry ketone-kieselgur mixture is extracted m a -ox P j 

fifteen hours with 15 1. of acetone; the extract is concentrated ^ 
and cooled; 78% of desoxycorticosterone _acetate, “; P m y 
obtained in the first crop, and an additional o % ™ l “th he ^ 
Methyl A 4 - 6 - 3 -Ketoetiocholadienate (LVI, R=C0 2 CH 3 )- t 
of quinone as hydrogen acceptor and the simultaneous mtro f. UC , te 

double bond.) A solution of 2 g. of methyl A ^J^f^ t oluene 
(IX, R = COoCH 3 ) and 12 g. of benzoqmnone in 120 ml. ^ ^ 

13 concentrated under reduced pressure to a volume 01 abou 00^ 

2 g. of aluminum isopropoxide or f-butoxide is added, an ^ 

is refluxed for forty-five minutes. Water (100 ml ) is added g j_ 

solution, and steam is passed through it until about 1 - 0 „ cid 

collected. The residual solution is acidified with dilute =u 
and extracted exhaustively with ether. After washing three «*** 
sulfuric acid and with water, 5% potassium hydroxide solution u 
carefully without shaking and the black layer is drawn oh. ~ hle _ 
ment is repeated until the ether solution is reddish (otherwise a r 
some emulsion results), and it is then washed thoroughly by =hab 
with alkali until no more color is removed. The organic layer * 
washed with water, dried, and evaporated. The brownish crvst- 
residue (1.95 g.) has a single maximum at 2S2.5 m ;i, characters ^ ^ 
A 4 - 6 -3-ketosteroids, and is purified by chromatographing on =’ 
alumina. The colorless crystals obtained from the petroleum et 
benzene (25/27) and benzene eluates give colorless resets^ (0.6 ^ 

41%) °f methyl A 4 - 6 -3-ketoetiocholadienate, m.p. 165-165.5 , 
recrystallization from methanol. . 

o-CyclocitraL 117 (Typical procedure for the oxidation of an a c> ^ 
primary alcohol to the corresponding aldehyde by continuous dbti 
in the presence of a higher-boiling aldehyde as hydrogen acceptor.) 

3.75 g. of a-cyclogeraniol in a 20-ml. round-bottomed flask equipped vn . 
a 10-cm. Yigreux column is added 1.66 g. of aluminum isopropox.ae 
The isopropanol formed is removed over the course of forty-five mmuus> 
at a bath temperature of 70-100° and 12 mm. pressure. To the cj c o- 
geraniol aluminate is then added 5.1 g. (155%) of anisaldehyde m ora 
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portion, and the solution is distilled at the rate of 5-12 drops per minute 
by raising the bath temperature (12 mm. pressure) from 122 to 170° 
during tw enty-five minutes. Fractionation of the distillate yields 2.46 g. 
(66%) of pure «-cyclocitraI with b.p. 75°/12 mm., 1.4701; 2,4-di- 
nitrophenylhydrazone, m.p. 157°. Cinnamaldehyde appears to be the 
hydrogen acceptor of choice for the oxidation of low-molecular-weight 
aliphatic primary alcohols. 

p-Ketobutyraldehyde 2-MethyIpentane-2,4-dioI Acetal. 1 * (Oxidation 
of a low-molecular-weight, acid-labile, secondary alcohol by' continuous 
distillation, using benzophenone as the hydrogen acceptor.) A mixture 
of 2 kg. of acetaldol 2-methylpentane-2,4-diol acetal (VIII),* 4 kg. of 
benzophenone, and 100 g. of aluminum isopropoxide lumps in a I2-I. 
flask, equipped with condenser for distillation, is heated in an oil bath 
at 15 mm. At a bath temperature of 150°, the aluminate commences 
to form and isopropanol is collected in the distillate. After complete 
removal of isopropanol, the bath temperature is raised slowly to 200° 
over a period of one hour, during which time 2.2 kg of distillate (b.p. 
up to 135°/15 mm.) is collected. Rcdistillation affords 1.73 kg. (S6%) 
of a mixture of aldol acetal (45%) and keto acetal (55%). To separate 
the pure keto acetal, the mixture is heated with 173 g of boric anhydride 
at 15 mm. for one hour, the bath temperature slowly being raised to 
175-200°, at which point water starts to distil. The vacuum is then 
reduced to 3 mm., w hereupon substantially pure keto acetal distils below 
100°; yield, 740 g. (37%). Pure0-ketobutyra]dchyde2-methjlpentane- 
2,4-diol acetal distils at 81°/3 mm., n^' 1.4421 ; its semicarbazone melts 
at 191-192°. 

i{i-Ionone (L, R = H}. 11 * (Use of aluminum phenoxide in the absence 
of a solvent for the oxidation of a primary alcohol.) The aluminum 
phenoxide for this oxidation is prepared by adding 10 g. of aluminum 
shavings to 99.5 g. of hot phenol, heating until hydrogen evolution ceases, 
then cooling and crushing. A mixture of 13.5 g. of the phenoxide 
(aluminum t-butoxide can also be used), 6.05 g. of gemniol (XLIX, 

R = H) (b.p. 107-1 10°/10 mm.), and 200 ml of acetone (distilled from 
calcium chloride) 13 refluxed with exclusion of moisture for twenty-six 
hours. After concentrating, hydrolysis is accomplished by refluxing 
with water for two hours, and the solution is then subjected to steam 
distillation. The ^-ionone is isolated from the distillate by extraction 
with ether, f After the solvent has been dried and ei aporated, the resi- 

* The acetal Is prepared from acetaldol and 3-metbj Ipen tane-2 . -t-diol in the presence 
of dry hj drogen chloride; b p. S3-S6“/3 mm. 

f As «n alternative hjdrolysjs procedure the reaction mixture is cooled in ice, ether 
is added, and the organic Uj er is washed with dilute sulfuric acid, then with sodium 
Carbonate and water. 



238 ORGANIC REACTIONS 

due is distilled through a Widmer column to give 1.7 g. of f ° r ^^ boi ^ 
at 55-9070-2 mm., and 4.3 g. (57%) of iHonone (L, R - W, D-P- 
10270.15 mm. A reduction of the reaction tune or 0 e 
acetone and phenoxide results in lower yielck; the use^of b^ene 3, 
solvent has no beneficial effect. In another laboratory, a 70% T ^ 
of i/'-ionone was obtained by refluxing 14 g. of geramol ” {or 

aluminum hbutoxide, 200 ml. of acetone, and oOO ml. of benz 

thirty minutes. 

SURVEY OF OPPENAUER OXIDATIONS REPORTED IN THE LITERATURE 

In Tables I-IX are summarized ah examples of the Oppenauer ■ oxula 
tion which have been noted in a survey of the literature up oa 
eluding the January, 1950, issue of Chemical Ai tracts- ^ ^ 

patents are cited that contam significant material adequate y P 
by experimental work and not described elsewhere m the hteratm 
In general, alcohols are listed in the tables in the order o ° 

molecular weight. Yields in parentheses refer to crude materia 1 , - 

specified otherwise, the time denotes the period of reflux: ing. “ j 

instances, a and /3 prefixes for steroids were altered from the ° 
to conform with nomenclature revisions in this field. 50 
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a -3S,21-DihydroxyDOT- I Al(OC*!I»-<)*> cyclohexanone, tolu- I A*' J0 - K -3-Ke(.o-21--hj’<lroxynor- I 70 (86) 

loladienic acid lactone I enc, 4 hr. I eholadicnie acid lactone (23— *21) I 
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a -2 1 -Diazoprcgncn-3cr-ol-20-onc A1(OC«H 4 )j, acetone, benzene, A*-21-Diazopregnenc-3,20-dLonc 
20 days, room temperature, 





AKOCtHrOl or AKOCtffih, A‘-Solani<£cn-3-one 

acetone, benzene, 18 5 hr. 

AKOCiUrfla, acetone, benzene, A*-So!aso<lcn-3-onc 
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TABLE IX 


Unsuccessful Oitenauer Oxidahons 


Alcohol 

Reaction Conditions 

Reference 

2-Bu tyne-1 ,4-diol 

A1(OC»Hj-Oj, acetone, benzene 

241 

Glycerol a-monomelhyl ether 

AKOCJMj, acetone, benzene, 8 hr. 

242 

Pent-2-en-t-yn-l-ol 

AKOCjHj-tJj, acetone, benzene 

210 

Ethyl |S-hydro.vybutyrate 

Al(OC 4 H»-4)i, fluorenone, benzene, 4S hr. 

153 

3-Phenylclbanol 

Al(OC,l!*-t)j, acetone, benzene, 24 lir * 

13 

1 -i/i-1 JydrovycthylJcycJohexeD 

AJ(OCj]IrOj, anisaldebyde 

117 

y-I’honylpropanol 

Al(OC 4 H,-t} 5 , acetone, benzene, 21 hr.* 

13 

a-Cyclogeraniol 

AKOCjll7-i)j, acetone, benzene, 30 hr.*f 

243 

Geraniol 

AKOC 4 If 9-4 )j, diethj 1 ketone, benzene * f 

115 

Lavandulo! 

A1(0C 4 II»-<)j, acetone, benzene * 

130 

Tetrahydrogeraniol 

Al(OC,H»-t)j, acetone, benzene, 24 hr. 

13 

Citroncliol 

AKOCjIIt- 0*, acetone, benzene, 150° • 

244 

2,7-Dimcthylocta-2,4,6-tricne- : 



1,8-diol 

Xot specified 

245 

3-Ifydro\ymcthylhcptan-2-one i 

AKOCjIfr-Os, cinnamaldchj de 

117 

l-Methyl-l,2,-dihydroxy- 

1,2,3,4-tetrahydro- 



naphthalene 

Al(,OCjll7-t)l 

187 

lra>is-y-(j>-Hydroxycyclo- 

Al(OC*lI»-<j>, acetone or cyclohexanone 

240 

hcxyDbutyric acid methyl i 
ester 



1 ,4-Diplicny lbutanetct rol 

Al(OC«Ht)», acetone or quin one 

247 

H2',6',6'-Trimcthylcycli> 

hcxen-r-yl)-3-methyi- 



l-hexen-5-yl-l-oU?) 

Al(OC»H»-f)i, acetone, benzene, 18 hr. 

06 

l-(2',6',C'-TrimethyIcyclo- 

hcxcn-l'-yl)-3-methyl- 



l-he.\en-3,5-diid 

AJ(OC,JIrt)j or AHOC.HHb 

248 

Quinine 

AKOGjlIHli, acetone or quinone, 
benzene, 12-24 hr. J 

101 

Ethyl 33,5,10-trihydroxy' 



rholanate 

Al(OCs!I*-<)j, acetone, benzene 

76 

O-oi-Hydroxylwnzj lanthraccne 

A1(OCjHt-Oz. cyclohexanone, toluene 

197 

Alkaloid A 



(B. stmpen-itenx L.) 

KOCHlrf, benzophenone, benzene 

240 

Lanosterol 

Al(OCtHH)i, acetone, 10 hr. 

250 

Teirabydroanhydro- 


251 

aucubigenin 

AKOCjHfDj, acetone, benzene 

2,3,t>-Tnmcthyl-&- 
(3’,7’,ll',15'-tetrainethyl- 
3'-hy droxy hexade can-1 '-y 1) - 


252 

1 ,4-henzoq\rinone 
A s -22-Isospirosten-2a, 33-diol 

AI(OC,II»-fl, 

Al(OC»H»-t)j, cyclohexanone, toluene. 

(yucca genin) 

8 hr. 



* Successfully oxidised under different conditions, pro Tfchle VII. 
t Sucwsolully oxidised under different conditions, see Tsbfo VIII 
t Sucwwdully oxidised under different conditions, ees Table VI 
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INTRODUCTION 

The phosphonic acids, RP(0)(0H)a, and the phosphinic acids, 
RIt'P(0)0H, may be regarded as derivatives of phosphoric acid in 
which ono or two hydroxyls are replaced by organic radicals. * Deriva- 
lives of the type RP(0)H0H, which are termed phosphonous acids by 
the current Chemical Abstracts system, contain phosphorus in a lower 
state of oxidation than is present in the phosphonic and the phosphinic 
acids and have chemical properties decidedly different from those of 
the latter classes. Phosphonous acids are not considered in this 
chapter, except as they are involved in the synthesis of phosphonic and 
phosphinic acids. 

Although individual phosphonic and phosphinic acids have been 
known for several decades, the syntheses of these two classes of com- 
pounds have not been so well developed as have the methods for the 
corresponding arsenic compounds. Much of the work has been devoted 
to the parent substances of the various possible series, and there is but 
little information concerning the syntheses of compounds with a high 
degree of substitution. 

This chapter is concerned only with the introduction of the phos- 
phorus-containing functions, that is to say, with the synthesis of acids 
or their functional derivatives which can be isolated and hydrolyzed to 

* Note on nomenclature. Phosphonic acids era named 'with reference to the hydro- 
carbons from which they era derived, whereas phosphunc acids are named with reference 
to the aiiyl and lor aryl groups which they contain. Thus C*H»PO(OH)j is bensene- 
phosphonio acid, but (C*H»)|P(0)0H is diphenj Iphosphinic add Esters of both series 
have names ending m -ate, e g, diethjl (or elhi 1) beasenephaspbonsto, ethyl diphenj 1- 
pliosphmate. If it is desirable to indicate the phospbonic group by means of a prefix. 
photphona- is used. Thus, (HO)iP(0)ClIjCO t II may be called phosphonoaceUe acid and 
(C |U »0) ip (O) CH ,CQ ,0 ill 1 triethyl phosphonoacetate. Esters of phosphonous acids 
are gnen names ending m -lie. Thus, Cill*P(OC,IIi)l is diethyl bensenephosphonile. 
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27 O , r A. 

the acids. It does not cover the [ urthe J ^“^^^^cations are 
organic portions of the molecule, becaus - - strongly 

quite similar to those of comparable carbon compound, noth J 
electronegative substituents. 

alkylation of the phosphorus atom in phosphorotj 

ESTERS 

One of the most versatile methods for the sjmthteto oi ^ters o_P^ ^ 
phonic acids is based on the reaction of a tnaih^l ph -ph lhe 

alkyl halide. 1 If the alkyl groups oi the two reagents are in 

process amounts to an isomerization oi the p 0s P ’ ^ referred 

the accompanying equation. The general procedu 


CoHJ + P(OCjH*)* 


[CiH 5 P(OCjHs)j] H 'I - CiHsPO(OC:Hs): 


C-Hd 


to as the “isomerization method,” whether or not the several &S 
groups are identical; it is also called the Arbuzov ^ ra ° £ . 1 ®™ re jj e nticak 
men the alkyl groups of the phosphite and oi the hal _ -^Then 

as in the above example, only one phosphonate can 10 ™ . \ ; n the 

the alkyl halide employed is not identical with that e ^ Jjren 

second stage or the reaction, a mixture obviously may be m ' de£ire d 

so, the reaction may be controlled to give a high yield ot ^ 

phosphonate. For example, 1-chlorometbylnaphthalene rea. ' , 

triethvl phosphite (in small excess) at 150-160° to give diet > 
thylmethanephosphonate in 87% yield (p. 2S6). 

CuHtCHiCI -r (C-.HsOhP -» C 10 H 7 CH.PO(OC 5 H 5 )i + c = HiC ' 

Presumably, the success of the reaction is related both to 
reactivity of the aiylmethyl chloride, as compared to ethyl c on ^ 
to the volatility of the ethyl chloride, most of which escapes rro ^ ^ 
hot mix ture through the condenser. When the alkyl halide emp - 


and that formed are of approximately the same reactivity, t 
of the reaction may be aided by the use of a large excess of the rea =^ ^ 
Thus, when a mixture of 5 moles of trimethylene bromide and 1 m0 ^, 
triethyl phosphite is refluxed under a fractionating column (for rem ^ 
of ethyl bromide), the ester of 3-bromopropanepbosphonic aci 13 

tained in 90% yield (p. 287). 


1 \Ii r~b zr , d Kafchne , Bzt., 31, 1045 (IS 95). 
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Derivatives of phosphinic acids are obtained when a phosphonite 
is substituted for the phosphite. The preparation of ethyl ethylphenyl- 
phosphinate is an example.* Only a few phosphinates have been pre- 
pared in this way (sec Table I) owing to the relatively difficult prepara- 
tion of the necessary phosphonites. 

C«ir*P(OCiH»)» + C t HJ -> C,H,PO(OC,U t ) + C,If J 

I 

CiH* 

Since only one alkoxy group of a phosphite participates in the reaction 
leading to the phosphonates, it might be anticipated that partial esters 
of phosphorous acid and esters of amidophosphorous acids would react 
in the same way. Such variations of the process were developed by 
Michaelis,* 4 and the use of the salts of dialkyl acid phosphites has proved 
particularly satisfactoiy. This method is illustrated by the preparation 
of dibutyl 1-decanephosphonate from sodium dibutyl phosphite and 
decyl bromide.* 

(C«H»0),P0Xa + CioHnBr C„H,iPO(OC,H,)i + NaBr 

An example of the use of amidophosphites is provided by the synthesis 
of the bisdiethylamide of mcthaaephosphonic acid.* 

C«HiOP[\(CiH»)j]« -f CHJ -* CH,P(0)[N(C,H l ),I, + C,H,I 

Several other syntheses of phosphonic acids and their derivatives 
probably can be included in the general category' of alkylation of phos- 
phite derivatives. They represent rather isolated examples and warrant 
further study and confirmation. These syntheses include the isomeriza- 
tion of triaryl phosphites by alcohols at high temperatures,* the forma- 
tion of phosphonic acid derivatives from methylol derivatives of acyl 
amides and phosphorus trichloride, 1 and the formation of triaryl- 
methanephosphonic acid derivatives from triaryl carbinols and phos- 
phorus trichloride.** If these reactions can be formulated, as shown 

* Arbuzov. J. Rum. Phut. Chem Soc . it. 395 (1910) [C. A.. 5. 1397 (1911)]. 

* Michaelis and Becker, Ber., SO, 1003 (1897). 

•MhbseBs. Jnit., 3SS, 129 (1993). 

» Kosolapoff, J. Am. Chem. Soc., $7. 1180 (1915). 

* Mdobendzki and Sildgui, Chem. PoUk., 15. 66 (1917) \C. A., 13, 2S67 (1919)}. 

1 Pikl, U. S. pat. 2,301,156 JC. .4- 37, 3262 (1913)]. 

* Arbuzov and Arbuzov, J. Russ. Phys. Chem Soc., 61, 217 (1929) [C. A., 23, 3921 
(1929)]. 

•Boyd and Smith, J. Chem. Soc 
ibid., 123, 813 (1923). 


. 1926, 2323; 126, 1477 (1921); Boyd and ChigneU. 
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below, as proceeding through a ^ los P h< ? I ^2” a tSi«S' °f 
the analogy to the previously discussed norm 

phosphite esters is obvious. 

(ArO) 3 P + 4ROH [RP(0R) 3 10H -» RPO(OR) 2 + R0H 

3ArOH 

RCONHCH,OH + PCU -* RCONHCH 2 OPCI 2 -> RCONHCHsPOCU 

+ 

HC1 

ArjCOH + PCU -» Ar 3 COP(R)CU -* Ar 3 CP(0)Cl2 + HC1 

Cl 


Mechanism 

The mechanisms that have been proposed for the rcactums are 
trated in the first equation given on p. 276 above. The pI ™ c P which 
is the formation of an intermediate salt, shown in ‘bracket * and 

undergoes the loss of a molecule of a simple halide. 1 ^ ^ 

Kaehne 1 isolated the methiodides of tnphenyl phosphi du ct, 

cresyl phosphite, and they reported the formation of a so P 
which could not be crystallized, from triphenyl phosphi e 
chloride. There is no direct evidence for the formation 0 ^ 

mediate salt from an aliphatic phosphite and an alkyl ! ' a ’ nsklere d 

the induction period observed in such a reaction has been c ^ 

a measure of the stability of the intermediate salt. Likewis , ^ 

no direct evidence for an intermediate in the reaction of the so 
of a dialkyl acid phosphite and an alkyl halide. The existence 
an intermediate has been inferred from induction periods during & 
no sodium halide forms. The fact that prolonged heating o ^ ^ 
reaction mixture may result in the formation of the sodium sa ^ 
acid phosphonate and a molecule of alkyl halide 10 has been ei e 
argument for the re-formation of the intermediate salt. 

(RO) 2 PONa + R'Br -> [R'P(ONa)(OR) 2 ] + Br- -» R'PO(ONa)OR + EBr 

Neither of the arguments concerning the reactions of the salts ^ 
very persuasive. It is possible that the alkylation of the acid P 0:, an j on 
is merely a displacement, most readily portrayed as involving tea 
of the tautomeric form of the acid phosphite, as follows. 


(RO)jPO- 


■P(0)(0R)» ^ R'P(0)(0R)2 + Br' 


W P. Nylen, dissertation, Uppsala, 1930. 
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Analogously, the reaction of the phosphonate with sodium halide may 
be a simple alkylation of the halide ion, operating through a displace- 
ment rather than through an addition. 

R'P(0)(OR), + X- -> R'P(O)(OR)0~ + RX 
Scope and Limitations 

SrxTirESis op Phosphomc Acids and Esters 

Only' one aryl halide has been used successfully in the preparation of a 
phosphonic acid derivative by these methods; 9-phosphonoacridine was 
obtained in G0% yield by hydrolysis of the ester from 9-chloroacridine 
and triethyl phosphite. Simple aryl halides evidently are too unreactive, 
but from the example just cited it would appear that activated aryl 
halides, and especially those containing heterocyclic nuclei, might be 
employed. 

The aliphatic halides used have been almost invariably primary 
lialides. Only two secondary halides reacted satisfactorily; isopropyl 
isopropylphenylphosphinate has been obtained from isopropyl iodide 
and diisopropyl benzenephosphonite," and a-phenylphosphonopro- 
pionic acid has been obtained from ethyl a-bromopropionate and diiso- 
butyl benzenephosphonite. 11 Other secondary halides and simple 

C«HiP[OCU(CU«)tIi + (ClfiliCHI -* 

(CH,),CHF(0)0CH(CH,), + (CHOjCHI 

I 

C«H» 

C,H,P{OCH,CH(CH,)t), + CjH.OjCCJIBtCH, -* 

C.H»P(0)OCHtCH(CH»h + (CH,),CHCHsBr 

I 

c*h»o 2 cchch* 

tertiary halides either fail to react or give olefins. However, triaryl- 
methyl halides react normally with triethyl phosphite to give esters of 
triarylmethanephosphonic acids.* These compounds cannot be pre- 
pared by the use of the sodium salt of the dialkyl acid phosphite; with 
this reagent an abnormal reaction occurs and the hexaarylethane (or 
triaiylmethyl) is produced. 

u Arbuiov, Kamti, and Beloroaso' a, J. ftn. Cina (7-S-S.R-, IS, 766 (1945) [C. A.. 41, 

105 (1947). 

u Arbuiov and Arbuiov. J. Run. Phy. CAem. Soc., 61, 1599 (1029) (C. .1.. 11. 52S9 
(1930)1- 
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The order of reactivity of the simple primary alkj 1 halides the ^ 
one, iodides being most and chlondes least reacme. 

been used most often. i } J0 th the 

A considerable number of alk^ babdes ^ been^^ 
ester and the sodium salt procedures. nbrs-uhite esteis 

substituents can be present in the alkyl halide * 

have been alkylated with the chloromethyl denvativte o 
matic hydrocarbons and with 2-chloromethylthiophene, h ^ brQm0 
methyl chlorides, with chloromethyl ethers and wi ^ 

ether, with ethyl chloroacetate and with esters oi tano ^ ^ 

with N,N-diphenylchloroacetamide, with 3-cyanoprop5 ^ ^ men _ 

a bromomethyl ketone, with N-(bromoalkyl)phthaliimde=, » ho , T . 
tioned above, with 9-chloroacridine. a-Bromo mtro com 
ever, do not give the expected mtroalkane phosphonat : ^ 

reduction reactions intervene, the tnethyl phosphite bein D ^ 

the phosphate, apparently with reduction of the nitro^group. 
nature of the reactions that occur is not understood. 1 " he3 t 

Esteis of 2-chloroethanol may be converted to phosphon . g_ 

alone; thus, tri-3-chloroethyl phosphite yields an ester oi --c 
phosphonic acid. 

P(0CH 2 CHiC1)j -» ClCH ; CH-PO(OCH-CH-Cl)- 

Tri-^-bromoethyl phosphite isomerizes similarly. Evidendy onI^°^ 
haloalkyl group is necessary, for the mixed ester, diethyl _-c 

phosphite, was converted to diethyl 2-chloroetbanephosphon3te. 

ClCH;CH;OP(OC:H 5 ): — ► ClCHiCH : PO(OC;H s )j 

However, when the phosphite contains two aryloxy residues die TC "^ C 
takes a different course and produces esters of ethane-1,2 p vf result 
acids. 15 Though the nature of the process is not clear, the o.era 
may be shown in the formulation given by Kabaehnik. 

2(ArO);POCH-CH-_Cl — * (ArO) ; P(0)CHiCHjPO(QAr); -r C1CH;CB; 

From experiments with ethylene bromide and trimethylene , 0 

it appears that the reaction of primary dihalides can be contro ^ 
give either haloalkanephosphonates or alkanediphosphonates- 
course of the reaction is determined by the ratio of phosphite to 

13 Arbuzov. J. Buzz. Fhjt. Cbem. Sec., 28, 657 (1GC6). 

:t Ford-Mocre arid William, J. Chen. See., 19-47, 1465- . . ^7, 

s* Arbuzov. Arbuzov, and Lugovkiu. Bull. cccd. tci. U .RJ$ deu.c m- c '- 1 
535 1 C. A., 42, 1SS0 (1945;]. . . .^7, 63* 

Kabichuik and Eotfilftkaya. Bull, c czd. tcL U.R dcuit 
[C. A 42, 5545 (1945)]. 
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the dihiilidc being used in considerable excess vs hen the haloalkane- 
phosphonatc is desired. Methylene iodide reacts ss ith triethyl phosphite, 
and both the iodomethanephosphonatc and the methanediphos- 
phonatc 11 have been isolated. Carbon tetrachloride reacts readily 
with trialkyl phosphites, yielding the esters of trichloromethanephos- 
phonic acid; chloroform docs nol react at the reflux temperature. I *• ,, 

l,4'Dichloro-2-butcnc is the simplest ally lie halide that has been 
treated with a phosphite. The product obtained with an excess of the 
halide was dchydrohalogcnatcd and hydrolyzed by treatment with 
potassium hydroxide. As ],3-buladicnc-I‘phosphonic acid was ob- 
tained, evidently the alkylation did not occur w ith ally-lie rearrangement. 

cicn,cir=circu,c! + p(oc,h*)» -» 

C1CH»CH=CHCHj1’0(0CjHs)i + C,1I 4 C1 

Examples of allylic rearrangement have been reported, however; 1-mcth- 
o\y-3-chloro-4-pentcnc reacts with phosphites to give e&tcrs of the 
btraight-chain phosphonic acid in good yield; 80 details of this work have 
not been published. 

CIIjOClIjClIjCHClCII=CIIi + I’lOR), -v 

CfbOCfbCIfjCII^CKCIfjPOCOR), + RCI 

An unsaturated pliosphonic acid derivative is formed when propylene 
bromido is heated with tncthyl phosphite, evidently as a result of de- 
hydrohalogcnation of the primary reaction product. 1 * The yield is poor. 

CH,CHBrCH,Cr + P(OC,H»)i CH.CII=CHrO(OCzH 4 ), + HBr 

Acid chlorides react readily with tncthyl phosphite to yield a-keto- 
phosphonic esters. 81 These compounds cannot be hydrolyzed to the 
free acids, the phosphono group being eliminated from the molecule 
under all hydrolytic conditions that have been tested. 

If the reaction of triarylcarbinols with phosphorus trichloride is to 
be considered a variant of the phosphite isomerization reaction, as men- 
tioned earlier, the following successful examples of its application may 
be mentioned here: triphcnylcarbinol, p-chlorophenyldiphcnylcarbinol, 

"Arbuzov and Kubikova, J. Gtn. Chcm {USSR), 6, 2S3 (1936) [C. A., 80, 4S13 
(103C)]. 

11 Koeolnpolf, J. Am. Chem. Soe . 69, 1002 (1017). 

*• Kaniai and Egorova, J. Gtn Chcm. US S II.. 16. 1521 (1910) [C. A , 41, 5439 
(1047)]. 

» A. N. Pudovik, Report at the October, 1047, meeting of the Chemical Section of the 
Academy of Sciences, U S.S.R., in Kazan. 

u Kabachmk and Roseiiakaja, Bull acid. tct. U BASS., ciasse *et. ckim., 1945 
\C. A., 40, 4CSS (1040)], 


I, 364 
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p-bromophenyldiphenylcarbinol, p-anisyldiphenylcarbinol, 
phenylcarbinol, 1 -naphthyldiphenylcarbinol, 2 -naphIhyl ^ 

bind, p-nitrophenyldiphenylcarbmol, and p-tolyldipheny b > ^ 
of which give the correspondmg tnarylmethanepho^phom 

5 The reaction of methylol acylamides with phosphorus trichl °™^ 5 =0 
been described only in the patent literature; ' several comp ' “ 

reported were not well enough characterized for inclusion in ^ ie5 
Sufficient information is given about the preparation an t e p 

of stearamidomethanephosphonic acid (see p. 290). , -rU, ires has 

The reaction of alkyl halides with salts of dialkyl acid P ho ~P tra j 
been employed somewhat less frequently than the reaction wi ^ 
phosphites. A number of simple primary alkyl hahde= 
converted to phosphonates. Primary halides having other j 

groups which have been employed successfully mclude aiy - 
chlorides, a-halo ethers, a-halo ketones, ethyl chloroacetate an 
jS-bromopropionate, N-(bromoalkyl)phthalimides,~ and t 
bromide of 2-aminoethyl bromide.- Methylene iodide reac 
sodium diethyl phosphite, but only methanediphosphonic aci ^ 
isolated. 10 Evidently the intermediate ester reacted with e V i r0 _ 
iodide, as discussed above (p. 278). Ethylene bromide is <- ^ 

halogenated by sodium dialkyl phosphites. The tetraethj g 

propane-1, 3-diphosphonic acid has been obtained from tnn '^ 
dibromide and sodium diethyl phosphite, but in unrecorded j ie • 
dehydrohalogenation occurs when the same sodium salt is treate ^ 
1,2-dibromopropane, 2,3-dibromobutane, or l,2-dibromo-2-met J 

pane. 10 (balk'd 

When I-methoxy-3-chloro-l-pentene is treated with a sodium ^ - 

phosphite in slight excess, reaction occurs with allylic rearrangemen 
CH 3 0CH.CH,CHC1CH=CH. -h NaOP(OR) 2 -» 

CH 3 OCH;CH2CH=CHCH;PO(OR): + >aC 

If the phosphite derivative is not in excess, a complex mixture i= P 

duced. 3 . thvl 

When the ethyl ester of a haloacetic acid is treated with sodium - 
phosphite the expected phosphonate is produced in yields oi l’ 7 ' 
along with ethyl succinate in about 5% yield. 10 - 3 Esters of hig 
bromo acids yield the coupling products in unspecified yields, but bo 
of the phosphonates. The coupling has been explained on the ba- 1 - 
an exchange of bromine and sodium atoms between the reactants. 


= Chavane. Corn jA. rer*d., 224, 400 (1947). 

3 Chav an e and Rumpf, Comjt. rtrA.. 225, 1322 (1947). 
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As mentioned above, triarylmcthyl halides do not give phosphonates 
when they react with sodium dialkyl phosphites. Acid chlorides, which 
react normally with trialky] phosphites (p. 281), give complex mixtures 
with sodium dialkyl phosphites. 

Ethylene oxide 54 evidently is the only halogen-free alkylating agent 
that has been used successfully on a salt of a dialkyl phosphite. Moder- 
ately good yields (f0%) of diethyl /3-hydroxyefhnnephosphonate can be 
obtained from this reagent. 

CHj CII, + (C*H*0)jP0Na -» NaOCH a CH,PO(OC 2 II s ), — H - — *> 

O 

HOCIIjCHiPOCOCsHb), + CH s CO s Na 

SlTJTHESIS OF PlJQSPJHNIC ACIDS AND ESTEBS 

A number of mixed aliphatic-aromatic phosphinic acids and their 
esters have been prepared in excellent yields from dialkyl arylphos- 
phonites and alkyl halides. The products that have been reported are 
methyl phcnylmethylphosphinate from methyl iodide and dimethyl 
benzenephosphonite, 24 ' 11 ethyl phenylethylphosphinate from ethyl iodide 
and diethyl benzenephosphonite,* isobutyl isobutylphenylphosphmate 
from diisobutyl benzenephosphonite and isobutyl iodide, 57 and isobutyl 
phenyltritylphosphinate from triphenylbromomethane and diisobutyl 
benzenephosphonite. 77 Similarly successful were the preparations of 
the corresponding pliosphinates from dialkyl benzenephosphonites with 
propyl iodide, 7 ' chloromethyl ethyl ether,’* chloromethyl methyl ether,’* 
isopropyl iodide, 11 ethyl chloroacetate, 1 ’ and ethyl a-bromopropionate. 1 ’ 

Although di-n-alkyl aryl phosphonites react readily with alkyl halides, 
the iso esters exhibit a tendency to yield the free acids, rather than the 
expected alkyl pliosphinates. 1, 11,25 Tin’s reaction occurs especially when 
the reactants are heated and the resulting phosphinate esters break down 
to the free acid and the corresponding olefin. This difficulty is avoided 
if the reactants are mixed at room temperature. The addition of a trace 
of dimethylaniline serves to catalyze the normal reaction to a remarkable 
degree. 11 

No instance of the preparation of a phosphinate by the alkylation of 
the sodium sait of a phosphorite has been reported. 

** ChcUntsev and Kuskov, J . Gen. Chem. US.S.R., IS, US1 (1946) [C. A., 41, 5441 
(1947)], 

“ Arbuzov, J. Gen. Chem. U.S£.R., 4, S9S (1934) [C. A., 29, 2146 (1935)] 

34 Arbuzov and Razumov, Dull ocad. rev, V.R.S.S., etasse rev. cAvrn , 1945, IG7 [C. A., 

*0, 3411 (1946)]. 

° Arbuzov and Arbuzova. J. Rust. Phut. Chem, SoC-, 61, 1905 (1929) (C. A, 24, 62S9 
(1930)1. 
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the reactants to the necessary temperature until the reaction is complete. 
When low-boiling materials are used, sealed tubes or autoclaves are 
advisable, although there is insufficient evidence at hand that sealed 
vessels are necessary for many of the preparations so described in the 
older literature. The mixtures resulting from the reactions are usually 
subjected to fractional distillation to isolate the products, which, in 
turn, are readily converted to the free acids by hydrolysis with acids or 
bases. It is generally advantageous to distil the generated alkyl halide 
as it is formed in hydrolysis with hydrochloric or hydrobromic acids. 
It is decidedly advantageous to distil the alkyl halide generated during 
the isomerization reaction itself; this senes to suppress the side reaction 
that may result from its interaction with the as yet unreacted phosphite 
ester (see p. 270). For this reason, the use of apparatus suitable for slow 
distillation is recommended for many of the preparations. 14 ' !S 

The sodium salt reaction is carried out generally by heating a solution 
of the halogen derivative with an equimolar amount of the sodium di- 
alkyl phosphite in an inert solvent until the precipitation of sodium 
halide is complete. The latter is then removed by filtering, centrifuging, 
or washing with water, and the product is isolated by fractional distilla- 
tion. The ester can be converted to the free acid by acidic or alkaline 
hydrolysis. 

Non-distillable esters, principally those of high molecular weight, 
may be hydrolyzed directly without purification since the resulting 
phospbonic or pbosphinic acids arc readily separable from the crude 
hydrolyzates by virtue of their alkali solubility. This procedure is 
frequently satisfactory because the isomerization reaction gives very 
good yields, often approaching the theoretical. 

Most of the w ork on this reaction has been done with alkyl phosphites, 
which lead to esters of phosphonic acids. The examples of the use of 
alkyl phosphonites have been relatively few, principally because of the 
lack of simple syntheses for these esters. 

The hydrolysis of the phosphonic esters to the free acids is readily 
performed by boiling hydrochloric or hydrobromic acids. Although the 
older publications favor the use of sealed tubes for such hydrolyses, in 
which dilute hydrochloric acid was general!}’ used at 130-150°, the 
present author has found that the hydrolyses can be readily done in 
excellent yields by refluxing with the concentrated acids at atmospheric 
pressure. If the ester is resistant to hydrochloric acid, the use of 4S% 
hydrobromic acid serves to accomplish the desired result in a few hours. 
The notable exceptions to the normal hydrolyses are phosphonates in 
which the phosphono group is adjacent to a carbonyl or a carboxyl 

* Kosolapoff. J. ,1m. Chem. See., 66, 109 (1914). 
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group; hydrolyses of esters with such structures to complete 

dephosphouation under any conditions. Similarly, acidic 3 * - ~ 

of diethyl benzyloxymethanephosphonate leads not only to de-e= 
tion but also to the cleavage of the ether bridge to yield hydroxym ^ 
phosphonic acid. 13 Although the use of an alkaline hj dro } tic a ° 
not reported in this instance, the use of 10% sodium hydroxi e - 
at 150-160° in a sealed tube led to a smooth de-esterification or an a - 
gous diethyl 2-phenoxyethanephosphonate. 20 


Experimental Procedures 

The Teialktl Phosphite Peocedure * 

Diethyl Ethanephosphonate. 14 A mixture of 50 g. of triethyl ptospk^ 
and 46.8 g. of ethyl iodide is refluxed for four hours. Distillation 
mixture gives 48 g. (95%) of diethyl ethanephosphonate, b.p. 6 " / " (h 
1-Naphthylmethanephosphonic Acid. 31 A mixture of 43 g- o -e ^ 
methylnaphthalene and 41 g. of triethyl phosphite is heated mr^ ^ 
hours at 150-160°. Distillation of the mixture gives 58 g. ( ‘ /C ^ £ 
diethyl l-naphthylmethanepho=phonate, b.p. 205-206°/5 nun. 
ester is refluxed for eight hours with 200 ml. of concentrated hj _ r01 ' ' ^ 
acid, and the precipitated 1-naphthylmethanephosphonic acid is • 
from the cooled mixture. After recrystallization from hot water, ^ 
pure acid, m.p. 212-212.5°, is obtained in the form of small u- rr 

plates (90% yield). Mnride 

Diethyl a-Oxo-cr-toluenephosphonate. 31 To 13.7 g. of benzoj c ^ 
contained in a flask equipped with a dropping funnel and a re n 

* There is but oue practical method of preparation of trialiyl phosphites- jp 

of 1 mole of phosphorus trichloride to a solution oi 3 moles of the appropriate 
an inert solvent in the presence of 3 moles of a tertiary amine. 


PCI* -J- 3ROH -f 3B = P(OR)* -r 3B-HC1 

The principle of the reaction, laid down by Milobendzki and Sachnowsd, 

15, 34 (1917) [C. A., 13, 2S65 (1919;], has not been changed by later investigator*-^ ^ 
The reaction is best conducted with cooling, at 10 3 to 15 3 , in the 
pyridine or diethylanhine. Diethylaniline is somewhat better than dime^ -* ^ 


since its hydrochloride is less hygroscopic. The hygroscopicity of the hydrochlori 


— **--}- i 

the difficulty of obtaining the completely anhydrous base mak e pyridine Vercse ^ 5 
than the d i alky la nil i n es. The solvent may be ether, benzene, or the lowe* ^vcro- 
fractions. The last are best from the standpoint of dean-cut removal ci the 
chloride; ether and benzene retain appreciable amounts of the latter. _ ^ -sate 

After filtration of the hydrochloride, the solution is distilled under reduced P-^ 
to yield the phosphite in conversions which us ually range from SO^c to ^5 

23 Mikhailova, Uchen'jz ZapisJri Kazan. Goiudarzl. Unis., 2, 53 (1941) [C. A~, * 

(1946)]. 

a Kosolapon, J. Am. Ci^rru See ., 67, 2259 (1945). 
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denser protected by a calcium chloride tube, there is added in the course 
of thirty minutes 16.2 g. of triethyl phosphite at room temperature. 
The solution turns yellow-green and begins to evolve ethyl chloride. 
The mixture is heated on a steam bath for forty-five minutes and is dis- 
tilled in vacuum to yield 15.7 g. (GG.5%) of diethyl a-oxo-a-toluenephos- 
phonatc, as a yellow isli liquid, b.p. 141®/2.5 mm. 

3-Bromopropane-l-phosphonic Acid. M A mixture of 16.6 g. of triethyl 
phosphite and 101 g. of trimethylcne bromide is placed in a flask 
equipped with a 12-in. Vigrcux column. The mixture is heated by means 
of an oil bath kept at 150®, and ethyl bromide is collected in a graduated 
receiver. When 8.0 ml. of ethyl bromide is collected (approximately 
eighty minutes is required), the oil bath is removed and 100 ml. of 48% 
hydrobromic acid is added to the cooled reaction mixture. Heating is 
resumed, after the addition of boiling chips to reduce bumping, and the 
excess trimethylene bromide is distilled, along with ethyl bromide and 
hydrobromic acid, in the course of four hours The distillation is con- 
tinued until the solution in the reaction flask is concentrated to approxi- 
mately 30 ml. The residual solution is poured into a beaker and evapo- 
ration is continued by means of an infra-red lamp until constant weight 
is attained. The dark gum is chilled in an ice-water mixture and rubbed 
vigorously until crystallization occurs. The product is sucked dry on a 
fritted-glass filter, dissohed in a small amount of warm water, de- 
colorized with 0.5 g. of activated charcoal, filtered, and concentrated 
on a steam bath until crystallization begins. After cooling, filtering, 
and drying in a vacuum desiccator, 3-bromopropanc-l-phosphonic acid, 
m.p. 107-10S®, is obtained in 80-90% yield. 

Di-p-chloroethyl P-Chloroethanephosphonate (Intramolecular Iso- 
merization). 1 * In a thiee-neckcd flask, equipped with a gas inlet tube, a 
stirrer, and a calcium chloride tube, there is placed 137.5 g of phosphorus 
t richloride. Ethylene oxide is passed into the flask with vigorous stirring 
and cffectix c cooling by means of an ice bath. The temperature of the 
solution is kept below 10-15®. The reaction is highly exothermic, but 
it may be kept under precise control by regulation of the rate of addition 
of ethylene oxide. When the temperature of the mixture no longer 
tends to rise (after somewhat more than 132 g. of ethylene oxide has 
been absorbed) the ethylene oxide supply is disconnected, the gas inlet 
tube is replaced with a stopper, and the mixture is allowed to stand 
overnight at room temperature without stirring. 

The solution is then wanned with stirring to expel any residual eth- 

"KoMlapoff, J. Am. Chem. Soe.. 66. 1511 (1944). 

M ICnbaclinik and Rossiiskaya, BuU. acad. tci. O'.lt.SS., classe id. e him., 1946, 4 03 
[C. .4., 42, 7242 (I94S)]. 
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ylene oxide. The steam bath is replaced by an oil bath, and 
is slowly heated with stirring to 150-100° The 

reaction is rather exothermic and careful conti ol o !jj we d to 

necessary. The temperature of the solution should not ' 
rise above 165-170°, for secondary reactions begin to take I * J 

temperatures. Heating is continued for five hours, after '' . disti i| e d 

ing tube is replaced by a distillation head and t ic mix boiling at 
in vacuum. The distillate is redistilled, and the 10D , bos - 
170-172°/5 mm. is collected as bis- 0 -chloroethyl 0 -chloro tbe 

phonate. The yield is generally over 40% (HO g. or more : . ^ 

temperature prescribed is closely followed, yields in i excess and 

common. The product may be induced to crystallize > 
scratching. It forms colorless crystals, m.p. 37°. nhosphite, 

It is possible to isolate the intermediate tns- 0 -chloroethy p 
after the reaction mixture has been allowed to stand overn dit ’; on3 
distilling it at a pressure of not more than 2-3 mm. Um er 
of rapid distillation it is possible to recover the phosphite - ze 

liquid, b.p. 112-112.572.5 mm. However, the ester tends to ^ 
during the distillation, and accurate fractionation is impose • b(jt 
yields of the phosphite are variable, because of the isomeriza i > ^ 
it is possible to obtain 30-10% yields of rather pure product. ^ 

connection it is interesting to note the patent disclosure of e ^ 

of 3 moles of ethylene oxide to phosphorus trichloride under con 
similar to those given above. The product, described as tris , g 

ethyl phosphite, is stated to boil at 50°/12 mm. and no mention is 

of the occurrence of isomerization. 11 1 -ith a 

Tetraphenyl Ethane-1, 2-diphosphonate. 16 A flask equippe " ^ j 
calcium chloride tube is charged with 3.6 g. of diphenyl 2-c oro 
phosphite. After being heated to 250° for three and a half ° u |7 
mass is allowed to cool. Recrystallization from toluene gne= 

(60%) of tetraphenyl ethane-1, 2-diphosphonate as colorless nee 

m.p. 155-155.5°. 1 10 ml- 

Hydrolysis may be effected by heating 0.5 g. of the ester an ^ en 
of 1:1 hydrochloric acid in a sealed tube for eight hours at 13 ’ j 

for thirty minutes at 140°. On cooling, the mixture is freed o P ^ 
by extraction with ether and the aqueous layer is evaporated to E> r n_ ^ 
Recrystallization of the residual solid from acetic acid yields 
(90%) of ethane-1, 2-diphosphonic acid, m.p. 220-221°. d jiso- 

Isopropyl Isopropylphenylphosphinate. u A mixture of 12 g- 0 
propyl benzenephosphonite and 9 g. of isopropyl iodide is allow e. 
stand for ten days in a closed vessel. Distillation of the mixture } ne 
M I.G. Farbenindustrie A.G., U. S. pat. 1,936,985 [C. A., 28, 1151 (1934)]. 
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5.3 g. (44%) of isopropyl isopropyl phony 1 phosphtnat e, b.p. 145-146°/10 
mm. However, the addition of a drop of dimeihylaniline to the original 
mixture catalyzes the isomerization to such an extent that after only two 
days’ standing the yield is 95%. 


The Sodium Salt Procedure 

Triethyl p-Phosphonopropionate." To OS g. of dry sodium ethoxidc 
in 500 ml. of dry xylene is added u ith stirring 13S g. of diethyl phosphite, 
the mixture being protected from moisture by a calcium chloride tube. 
To the resulting salt 1S1 g. of ethyl fJ-bromopropionate is added drop- 
wise with stirring and cooling by an ice-salt bath. After standing over- 
night the mixture is heated for two hours on a steam bath, after which 
the precipitated sodium chloride is filtered. Distillation of the filtrate 
gives 193 g. (7S%) of tricthyl d-phosphonopropionatc, b.p. 141-143*79 
mm. 

Dibutyl Alkanephosphonates. 1 One-tenth mole of dibutyl phosphite 
is added dropwisc to a suspension of 0.1 atom of sodium in 300-500 ml. 
of a dry hydrocarbon solvent (petroleum ether, benzene, toluene, or 
xylene), with stirring and heating at gentle reflux until the sodium 
dissolves. The alkyl halide (bromides are most satisfactory) is then 
added dropwisc during thirty to sixty minutes. The amount of the 
halide need not exceed the theoretical 0.1 mole. After fifteen or twenty 
minutes the precipitation of sodium halide begins. It is completed by 
refluxing the mixture with stirring for two to six hours The end of the 
reaction is indicated by a clean separation of the salt from the organic 
solution. On cooling, the mixture is shaken with two or three portions 
of cold water and the organic layer is run through a dry filter paper to 
remove the bulk of moisture. The filtrate is then freed of solvent at 
water-pump vacuum at approximately room temperature. This also 
serves to remove the residual moisture without an additional drying 
step. Distillation of the residue under reduced pressure (oil-pump 
Vacuum for the higher members of the series) results in the isolation 
of 80-95% yields of dibutyl alkanephosphonates as colorless liquids. 
These may be hydrolyzed by refluxing with 2-3 volumes of concentrated 
hydrochloric acid. This is most satisfactorily done in a flask provided 
u ith a Vtgreuv distillation column irh/cb permits the continuous removal 
of butyl chloride. When the latter is completely removed, as indicated 
by the temperature of the condensing vapor in the still head, the bulk 
of the hydrochloric acid is distilled and the phosphonic acid is allowed 
to crystallize on cooling the residual mixture. Purification by crystal- 

* FinLelstein, J. Am. Chem. Sot.. 68, 2397 (194C) 
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lization from petroleum ether gives substantially quantitathe )’ 
of the alkanephosphonic acids. 

Tiuakylmethaxe Derivatives 

Triphenylmethanephosphonic AcitL s A solution o{ J n ^J t o 
phenylcarbinol in boiling benzene is added in two or t r P ^ 

50 g. of phosphorus trichloride contained in a flask pr m(J u_ 

reflux condenser and a calcium chloride tube for protection ^ 

ture. The reaction is conducted at reflux temperature, an oddition. 

are timed so that uncontrollable reflux is avoided. - ter “ acuum , 
the mixture is refluxed for one hour, the solvent is remot cashed 

and the solid residue of triphenylmethylphosphonyl chlon e j ^ 

with diy ether and dried in a vacuum desiccator. The pr 
tained in 95% yield in the form of colorless crystals, m.p- - _ g g g 
Five grams of the above chloride is heated on a steam a . . Q 0 f 

of potassium hydroxide in 3S ml. of ethanol until the precipi 
potassium chloride is complete. An equal volume of uale ‘ y eva po- 
to the mixture, and the ethanol is almost completely remoter 
ration. The cooled solution is filtered, and the clear filtrate , i( __ 

with hydrochloric acid to precipitate the monoethyl ester o! ' 
phonic acid. This is separated, dried, and refluxed for one ° _ 

25 ml. of acetic acid and 12 ml. of hydriodic acid. On cooling. ^ eT , 
uct is filtered, washed with dilute hydrochloric acid, ethano ^ 0 f 
in succession, and recrystallized from benzene to give 4—4.1 g- t ‘ c 
triphenylmethanephosphonic acid, m.p. 275°. 


Special Methods 

Diethyl 2-Hydroxyethanephosphonate. :< To 2.3 g- ? I ". P °^3 9 g. 
sodium suspended in 120 ml. of dry ether is added with =tirnn=, ^ 
of diethyl phosphite. The mixture is stirred with gentle warn ^^ v j e!1 e 
the sodium has reacted, and the mixture is treated with 4.5 g- ot 
oxide with stirring. The clear solution is stirred for one la°r rr ’J^ J ^^ uxa 
6.1 g. of glacial acetic acid is added dropwise. The precipitated - ^ 

acetate is collected by filtration, and the filtrate is evaporat 
reduced nressure. Traces of sodium acetate are removed by 
and the residual oil is dried in a desiccator over sulfuric acid- 

obtained 7.6 g. (42%) of diethyl 2-hydroxyethanephasphonate, 

can be distilled with some decomposition at 120-130 3 /9 mm. . ^ 
Stearamidomethanephosphonic Acidv One hundred grams °- 
methylolstearamide is added to a solution of 91.0 g. of phosphorus 
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chloride in 45 g. of carbon tetrachloride contained in a flask protected 
with a calcium chloride tube. After standing for ono hour, the mixture 
is treated with 40 g. of glacial acetic acid, and the flask is allowed to 
stand at room temperature for four clays. The resulting viscous mass is 
warmed to 50® with S% hydrochloric acid until it changes to a crystalline 
solid, which is separated by filtration. Crystallization from ethanol 
yields G7 g. (40%) of stcaramidoracthancphosphonic acid, a colorless 
crystalline solid, which lias an indefinite melting point, softening at 10S®. 

ADDITION OF PHOSPHORUS PENTACHLORIDE TO 
UNSATURATED COMPOUNDS 

Olefins having reactive double bonds undergo the addition of phos- 
phorus pcntachlorido to give substances (hat can he regarded as tho 
chlorides of phosphonic acids.” Hydrolysis converts the addition 
products to phosphonic acids, usually with simultaneous dchydro- 
chlorination as illustrated in the reaction with styreno. 

c,ir»cn=cii, + pci, c.ii,CHCicn,rci, ^ 

C t UiCH—CllPO(Ol{) t -f 5IICI 

Branchcd-chain olefins sometimes lead to chloroalkanephosphonic 
acids. Acetylenes yield phosphonic acids containing the chlorovinyl 
group. Such compounds, which do not undergo spontaneous loss of 
hydrogen chloride during hydrolysis, can be dehj-drohalogenatcd by 
treatment with an alkaline reagent like potassium hydroxide.” The 
initial addition reaction takes place under mild conditions in an inert 
solvent, and the yields of c,0-unsaturatcd phosphonic acids usually 
range betw ecn 40 and 50%. 

Scope and Limitations 

The most obvious limitation to the reaction is the fact that groups 
capable of reacting with phosphorus pcntachlorido must either be absent 
or be protected. Such reactive groups are the hydroxyl, amino, sulf- 
hydiyl, and carboxyl. 

The reaction has been successfully applied to the following unsaturated 
compounds: styrene,”’ a-methylstyrene,“ a-chlorostyrene,” in- 

" Thiele, Chtm Ziff.. 36, 657 (1912). K. Harnist, dissertation, Strassburg, 1910; F. Bull®, 
dissertation, Strassburg, 1912. 

n Bergmann and Bondi, Btr., 66, 27S (1933). 

* Bergmann and Bondi. Btr.. 63, 115S (1930). 

* Koaolapoff and Huber, J. Am. Chtm. Soe., 68, 2540 (1946). 
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dene :5 - 33 1 , 1 -diphenylethylene, 35 1 -phenyl-l-o-tolylethylene/ 0 
l-p-methoxyphenydethydene, 41 l-phenyd-l-p-cUorophenylethyleM, > 



lene, 41 1-phenyt-L-o-nuoropnenyieLuw^, i ^hlorophenv! 

ylene, 41 1-p-tolyl-l-p-biphenylylethykne 1-pbeny “ . 9 £ phe n V lene- 
ethylene, 41 l-phenyl-l-(a- and ^-naphthydethy enes 
bis(a-phenylethylene) , 41 4-phenyl-l,3-butadiene,- 3 -’ *obuftfcj i, 

diene- 10,10^iphenyl-9-methyleneanthracene r 2,^*^ Q 

2,4,6-trimethylsty'rene, 33 p-ethylstyrene, 39 ^erf-butybi} . 
butylstyrene, 33 and p-phenyL^ene 33 

2-vinylfluorene, 33 phenylacetylene, 3 ' o-eMorophenykcety » ^ 

oxyphenydacetylene, 37 p-methoxyphenylacetylene, P 

ylene, 27 and 1-heptyne. 2 ' 0 f the 

Although the earlier work 36 - 3S indicated that lack of sy bfc£ . Q 

starting compound is a necessary' condition for this ^action ^ ^ 
shown that symmetrical compounds may be capable ol ted 

tion. 41 - 43 It appears, however, that the reaction is limited o ^ 

compounds that contain a terminal unsaturated carbon-c^ l0 

Indene, which has a cychc double bond, is an exception an PP 6 
be reactive mainly because of the exposed, unhindered position 

double bond. . been 

The steric factors that may further limit the reaction bat _ 
satisfactorily clarified to permit any generalizations. T e 10 ^ 

compounds failed to yield phosphonic acids, although many _ 0Ti : 
have a double bond which is not apparently blocked by stenc ^ ^ 

benzylstilbene 35 1,1-diphenyl-I-propene , 4! 1,1-diphenyl-l-butene, > 
triphenyl-l-propene 41 l,l-diphenyl-2..2^im e thylethylene, 4! a-beW - 
rene, 41 l-phenyl-l-ethyl-2-methylethylene, 47 allvlbenzene, ‘a 

1,3-pentadiene, 41 1,4-diphenylbutadiene, 41 isoeugenol methy e ^ 

isosafrole, 41 triphenylethylene, 41 stilbene, 41 isostilbene,’ 1 t jj V - 

oxyphenvlethylene, 41 l-phenyl-l-(o-chloro- and o-bromo-phenyi; ^ 
lenes, 41 l-phenyl-l-o-biphenylylethylene, 41 l,l-phenyl-(o- an M , cet . 
oxvphenyl)ethylenes, 41 tolan, 37 diphenylacetylene, 3 ' p-nitropneny 
ylene, 37 and phenylethylacetylene. 37 


Experimental Procedures 

{5-Styrenephosphonic Acid, (a) 33 To an ice-cooled stirred 
of 104 g. of phosphorus pentachloride in dry benzene, 26.2 g. ol -t> 


" Bcrsjr-i^a asd Bor.di. Bcr., 66, 2SG (1033). 

41 Bcrgntamn ar.d Bondi. Bcr., &4, 1455 (1031 ) - 
c Koiclaj/cil. U. S. pat. ‘2 r 3S9«576 [C. A., 40, 1535 (194.6)]. 



PHOSPHONIC AND PHOSPHINIC ACIDS 293 

is added dropwise in one hour. The mixture is protected from moisture 
by means of a calcium chloride tube. After stirring for two or three 
hours, the creamy suspension of the adduct is allowed to stand for 
tw enty-four hours, after which it is poured into ice water. The mixture 
is allowed to stand for two or three days, with spontaneous evaporation 
of benzene. Shiny colorless crystals of the product gradually appear 
at the interface of the two layers. The yield of the crude product is 
27 g. It is a mixture of cis-tratis isomers and is composed of 3 g. of 
needles, m.p. 146°, and 24 g. of a granular solid, m.p. 150°. These can 
be readily separated mechanically. Recrystallization from ethylene 
bromide gives the same product from either isomer. The final product 
is obtained in the form of needles, m.p. 346°, and represents the stable 
isomer. 

(6) ** Dry chlorine gas is introduced slowly into an ice-cold stirred 
solution of 52.1 g. of styrene in 6S.7 g. of phosphorus trichloride and 500 
ml. of dry beuzenc until the solution becomes yellow from an excess of 
chlorine. Hydrolysis of the mixture as described in (a) results in 32.9 
g. of crudo 2 -styrcnephosphonic acid. This is purified by dissolving it 
in dilute sodium hydroxide and pouring the solution slowly into warm, 
stirred, dilute hydrochloric acid. Crystallization of the precipitate from 
water gives 29-31 g. of the pure acid, m p. 154.5-155.5°. 

Phenylethynephosphonic Acid. 57 To an ice-cold, stirred suspension 
of 83 g. of phosphorus pcntachloride in 150 ml. of dry benzene is added 
slowly 20.4 g. of phcnylacetylene. After standing for two days, the 
mixture is poured into an ice-water mixture, the organic layer is diluted 
with ether, and the aqueous layer is discarded. Evaporation of the 
organic layer gives 1.5 g. (3%) of a-chloro-0-styrenephosphonic acid, 
m.p. 162° (from 1:1 hydrochloric acid). Five grams of this acid is 
refluxed for six hours with SO ml. of 5% potassium hydroxide. On 
cooling, the mixture is treated with an excess of hydrochloric acid 
and the product is taken up in ether. Evaporation of the solvent gives 
a substantially quantitative conversion to the phenj lethynephosphonic 
acid, m.p. 142°. 

THE GRIGNARD REACTION 

The application of the usually versatile Grignard reaction to the 
sjm thesis of phosphor! ic and phosphinic acids has not received the 
attention it probably deserves. References to its use in this connection 
are few, and the precise conditions for optimum yields have not been 
explored adequately. 

' The obvious advantage of the Grignard reaction resides in the mild 
conditions necessary for its use. The method favors the preservation of 
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sensitive substituents, which might be destroyed m a more drast 

reaction such as a Friedel-Crafts synthesis. phosphinic 

The earliest reference to the formation of pho-phon -.or 
acids by the Grignard method is that of A *J se! f “ » ’ trich loride at 

methylmagnesium bromide to an excess o p ^,j ie and 
-30° and hydrolyzed the resulting mixture ot tnme ^^itric acid 
methy lchlorophosphi ncs ; oxidation ot the crude mixt ^ ^ethyl- 

resulted in isolation of traces of methanephosphomc rfth one - 

phosph'mic acid. Sauvage" treated phosphorus 

third of the molar quantity of Gngnard reagents r duct5 con- 

benzyl chloride, and 1-bromonaphthalene. and sma ll 

sisted of mixtures of, predominantly, triary p o=p 1 j pbo5 phinic 

amounts of the corresponding phosphinic acids, i e diben 
acid, diphenylphosphinic acid, and di-l-naphthylphosp ^ gf tbe 

Michaelis and Wegner u made the first step tov. leaTiD g 

reaction by using substituted phosphorus oxychloride*, ho .,- 

only two available chlorine atoms for the reaction. . ' . the of 
ever, that blocking by a phenoxyl group was meffect” , ^ 

phenoxyphosphoryl dichloride gave mostly the tnsubatitu P ^ 
oxides in reactions with Grignard reagents. In other w > bce 
nard reagents displace the phenoxyl group as readily as . _ elr , 

the chlorine atoms in the phosphoryl chloride derivative. - radica l5 
the ease of such displacement has not been investigate i 
other than phenyl. In the light of modem knowledge ot be 

of phosphate esters, such displacement of the phenoxyl ffo 1 
connected with the ready cleavage of phenyl phosphates > „ 5 flbave 
tion. The reductive action of the Grignard reagents used maj y 

been responsible for this failure of the Michaelis-W egner a g . d£ie 
this explanation is correct, attempts to effect blocking bj me 
benzyloxy groups should be fruitless for the same reason. Qt b 

However, Michaelis and Wegner found a more suitable re ° 
N-piperidylphosphonyl dichloride. The piperidine resi ue - ^ 
attack by the Grignard reagents, which therefore could reac ' 
the two available chlorine atoms. The resulting NT-piperidi e» o ^ 
phosphinic acids were readily hydrolyzed by hydrochloric aci ^ c0U1 - 
corresponding free acids. The reaction sequence is shown m t e 
panying equation. 

C sH uNP (0) CU -r 2ArMgBr -» C 5 H u NP(0)Ar2 5- Ar ; P(0)03 

u Auger and Billy, Compt. rend., 139, 597 (1904). 

u Sauvage, Compt. rend., 139, 674 (1904). 

45 Michaelis and Wegner, Ber., 48, 316 (1915). 
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These authors applied this method to the Grignard reagents from 
bromobenzene, o- and p-bromotoluene, 1-bromonaphthalene, and benzyl 
chloride. .U though the yields are stated to be “good,” no numerical 
data are given. However, yields in excess of 50% may be expected. 

There is no recorded instance of an attempt to extend such a blocking 
modification of phosphoryl chloride in order to synthesize phosphonic 
acids. This would require a doubly blocked reagent of a type BgPOCI, 
where B is a blocking group. 

The main difficulty with the use of the Grignard reaction results from 
the tendency for complete substitution of phosphorus oxychloride. 
Therefore, an attempt was made by the present author to counteract 
this tendency by reversing the mode of mixing the reactants, that is, 
by adding the Grignard reagent to a moderate excess of phosphorus 
oxychloride solution. This method of addition, combined with the 
additional favorable factor of very dilute solutions, gave 50-55% yields 
of phosphinic acids from phenyl- and p-chlorophenyl-magnesium bro- 
mides.** 

Mingoia 41 used the magnesium derivatives of o-raethylindole, indole, 
and pyrrole in a reaction analogous to that of Sauvage to obtain low 
yields of di-3-(2-methylindolyl)phosphinic acid, di-3-indolylphosphinic 
acid, and di-2-pyrrylphosphinic acid. 

A modification of the blocking procedure of Michaelis and Wegner 
has been reported in the work of Bode and Bach,“ who treated phos- 
phonitrilic chloride, (PNCfe)* with a large excess 0 / phenylmagnesium 
bromide and hydrolyzed the resulting product, (C? 6 H 5 ) 7 P 3 N 3 H HBr, 
with hydrochloric acid to the diphenylphosphinic acid. The yield of 
the intermediate product was less than 10% and, although the hj’drolysis 
step is essentially quantitative, the overall yields do not compare with 
those from the Michaelis-Wegner method. The tedious preparation of 
the phosphonitrilic chloride is an additional drawback to this procedure. 

An entirely different approach was made by Malatesta and Pizzotti,*’ 

\\ ho treat cd phosphorus pentasulfide * with G rignard reagents from ethyl 
bromide, isopropyl bromide, and bromobenzene, and obtained mixtures 
of the corresponding tertiary phosphine sulfides, thiophosphinic acids, 
and thiophosphonie acids. The thio acids were readily oxidized to the 
oxygen analogs by treatment with nitric acid or bromine. This pro- 
cedure appears to be the first reasonably practical method of preparation 
of phosphonic acids by the Grignard reaction. As mentioned above, 
the reaction gave the products of all three possible types. The course 

* See the footnote on p- 112 concerning the formulas of the phosphorus sulfides. 

- KosnJapoff. J. In. Chtm. Soe.. 64. 2952 (1942) 

0 M ingots. Gait. cM-n. Wot., 62. 333 (1932). 

** Bode end Bach. Ber., 7S. 21S (1942). 

** .Mjdafela and PinotU, Gait. citm. itat 76 , 167, 162 (1946). 
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of the reaction may be represented by tbe three equations 
MaLatesta and Pizzotti. 


P;S s -r 4RMgBr 
-r SEMgBr 
PjSs -f 2RMgBr 


2R;P(S)SMgBr -f MgS *r MgBrj 
2RjP3 -f 3MgBr ; -f 3Mg3 

• BrAIgS(S)(R)PSP(R)(S)SiIgBr 


(If 


{ 3 } 


Although reaction I takes place best at moderately lux ter “P* 
all three reactions always take place and the yields oi the za J ^ 

tives do not exceed 20% for any class under the best condin - 
mixtures of the thiophosphonic and thiophosphimc acids ^ 
rated bv virtue of the different solubility* oi the nicke =a 0 _ 
and oxygen acids. The reaction is best earned out xnm a ; r , ; 

of phosphorus pentasulfide in an inert solvent, usuaJy e*..^ ^ 

heterogeneous character of the reaction under such conditio-- j ^ 
responsible to a large extent for the difficulty of the conn- 

reaction. . _ 3 02 the 

The information given above includes all the pertment ^ ^ ^ 
use of the Grignard reaction. It is readily seen thai the £C I iriel 
reaction cannot be limited to the few examples that have ^ 
to date. Probably the reaction can be used -with any substance 
of forming a Grignard reagent. 


Experimental Procedures 
DiDhenylnhosphinic Acid (7iTl r.haelis-W egner Procedu- e). 


Taj 





dichloride. The mixture is refluxed until reaction is comp-~ te - ^ ^ 
addition to water, the organic layer is separated. Evaporation ^ ^ ^ 
solvent on a steam bath leaves a viscous residue of the amice. 
boiled with concentrated hydrochloric acid until solution — 

Dilution with cold water causes the separation oi tne crude 
phosphinic acid. Purification by solution in sodium caroonatej- 
followed by precipitation with hydrochloric acid and crystaflizat-o- ^ 

ethanol, gives the pure compound, m.p. 190-191 3 . The yield — - e ?° 

as “good.” _ — rr :gpard 

Diphenyiphosphinic Acid (Kosolapon Procedure). 45 
reagent from 31.4 g. of bromobenzene and 4T6 g. oi magnesium —* 
mb of dry ether is filtered with exclusion of atmospheric 
is then added during three and a half hours to a gently renuxin = > - y 
solution of 30.6 g. of phosphorus oxychloride in 500 mL oi my - 1 " 
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After standing overnight, the clear solution is decanted from the jcllow 
precipitate. The precipitate is digested with ice water, and the insoluble 
residue is washed thoroughly with water. Extraction of the solid with 
1 I. of warm dilute sodium hydroxide solution and acidification of the 
extract with hydrochloric acid, followed by crystallization from dilute 
ethanol, gives 12 g. (55%) of diphenylphosphinic acid, m.p. 190-192°. 

Ethanephosphonic Acid (Malatesta-Pizzotti Procedure). 4 * Two hun- 
dred milliliters of 1 .1/ cthyhnagnesium bromide in dry ether solution is 
added dropwise to a stirred suspension of 22 g. of phosphorus pentasulfide 
in dry ether. The mixture is refluxed for a brief time after the addition 
is complete. Cold water is added to the mixture, and the aqueous layer 
is separated. After treatment with charcoal, followed by filtration, an 
excess of nickel sulfate solution is added and the mixture is acidified to 
Congo red with dilute hydrochloric acid. Extraction with benzene 
removes any nickel dicthyldithiophosphinatc The aqueous solution is 
extracted with ether, the extract is evaporated to dryness, and the 
residue is taken up in water. Bromine water is added to oxidize the 
sulfur compound to the corresponding oxygen analog. The addition 
is continued until a permanent color is attained. After filtration and 
evaporation, the residue is dissolved in dilute aqueous ammonia. Evap- 
oration to dryness to remove the excess ammonia, followed by treatment 
of the residue with hydrogen sulfide in aqueous solution, sen es to remove 
any residual nickel. Acidification of the filtrate with nitric acid, after 
the removal of nickel sulfide, and evaporation to dryness give crude 
ethanephosphonic acid. This is distilled under reduced pressure to give 
the pure product, b,p. 339-340°/8 mm. ; m p. 30-35°. The yield is 
approximately 15%. 

THE FRIEDEL-CRAFTS REACTION 

The preparation of aromatic dichlorophosphincs by the interaction 
of aromatic hydrocarbons with phosphorus trichloride in the presence 
of aluminum chloride was accomplished for the first time by Michaelis. 60 
Tliis reaction, which takes place according to the accompanying equa- 
tion, was subsequently used for the conversion of aromatic hydrocarbons 
into a variety of phosphonic acids. The conversion of the dichloro- 
Arll + PCI, -* ArPCI* + HCI 

phosphines into the phosphonic acids was effected by chlorination, which 
yields the corresponding tetrachlorides, followed by hydrolysis. 

ArrCh > A.rc). ArP(OXOH), 

» Michael is, Btr., 1J, 1009 (1S79). 
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In.-' lead of tin* direct hydrolysis of the tetrachloride.-,, t!it ^ 
l,o converted to the corresponding oxychlorides, which on ■ > 

also give pho.-phonic acids. Usually there is little choice 
two alternatives. 

nrcu — L uroci, — # ni*(0)ion) ; 

A number of the aromatic dichloropho.-phincs have been 
by later workers without significant changes of the origins P 
of Michaelis. The formation of small amounts oi diary «n° ^ 

pho.-phines, Ud'Cl, in the original reaction mixtures has s.-en 
served for a few compounds. 11 ' 1 These could he MJLl . , a 
amounts only, ami the Friedel-Crafts reaction was not Kffjrut 
suitable source of the disiibstituted products by the , R ‘ Ut ^ ' j- mg 
The diaryl rnonochlorophosphiues can be converted to the corresi 
diarylphosphinic acids by a reaction sequence analogous to t u 
Later work by the present writer" indicated that the dia O 
phosphines are formed as a result of a general reaction, whic t >* * 
ently catalyzed by aluminum chloride, and which procee s 
disproportionation of the rnonoaryl derivatives. 


2Arl , Cl:(AlCL) — Ar-PCl -r PCI* 

The difficulties encountered in the isolation procedure u=ed by ^ 
Michaelis school for the chlorophoaphines prevented the disco'e 
the generality of this reaction. The isolation procedure ot - 1C 1 j Qa 
extremely inefficient. It is performed by extraction of the re 
mixture with an inert hydrocarbon solvent (petroleum ether ^ ^ 

generally favored). The extract is concentrated, and the resi^ ^ 
chlorophosphines are distilled under reduced pressure. 1 he bu 0 _ 

reaction products, however, remains in the rather intracta e ^ 
smelling aluminum chloride complex layer which is insoluble in P^ r °^ cee£ j 
ether. The actual yields of the isolated dichlorophosphines rare y ex ^ 
15-20% of the theoretical. The dichlorophosphines, after isolation,^ ^ 
treated with an equimolar quantity of dry' chlorine gas, which may ^ 
added in solution in a suitable solvent (carbon tetrachloride ias ^ 
usually employed) or may be introduced in the gaseous state i 
the dichlorophosphine, which is preferably dissolved in an inert so ' 
The use of a solvent with external cooling moderates the very v *5° 
reaction. The resulting tetrachlorophosphine may be added dire ^ 
to water to yield the corresponding phosphonic acid or may be trea 


SI Michaelis, Ann., 315, 43 (1901). 

- Michaelis, -Inn.. 293, 193 (1S90); 294, 1 (1S97). 
a Sachs. Bcr., 25, 1514 (1S93). 

M Lindner and Strecker, ^ fonalsh., 53/54, 263 (1929). 

Kosolapoff and Huber, J. Am. Chem. Soc 69, 2020 (1947). 
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with gaseous sulfur dioxide w hich converts it to the oxychloride, HPOCJo, 
which may bo purified by distillation. Treatment with warm water 
converts the oxychloride to the desired phosphonic acid. 

A very useful modification of the Michaclis procedure has been 
developed by Dyc.‘* In this procedure the dichlorophosphines are 
isolated by the removal of the aluminum chloride in the form of \eiy 
stable Complexes, either with water or with phosphorus oxychloride. 
In the first instance, the cooled mixture, after the Fricdcl-Crafts reaction 
proper has been completed, is treated with cold water added dropwise. 
The amount of water used is three times the molar amount of aluminum 
chloride, and it is advisable to remove the excess phosphorus trichloride 
before the hydrolysis. The resulting solid complex, which contains all 
the aluminum chloride, is removed, and the filtrate is used for the 
recovery of the aromatic dichlorophosphinc by distillation. In the 
second variant, the reaction mixture is treated with phosphorus oxy- 
chloride, the molar quantity of which is slightly greater than that of 
the aluminum chloride used in the reaction. The mixture is warmed to 
approximately 50° with stirring to aid the formation of the A1CI 3 POCl 3 
complex*, which separates as a solid. The separation is assisted by the 
addition of petroleum ether to the mixture After filtration of the 
mixture, the filtrate is used for isolation of the dichlorophosphines in the 
usual way. The yields by either procedure have been studied with 
benzene; consistent values of 60-70% of the theoretical can be attained. 
There are indications that the procedure can be used for other aromatic 
hydrocarbons. 

A different variation of the Michaclis procedure has been developed 
by the present writer .“ In this procedure the clilorophosphines are not 
isolated, but the entire reaction mixture is treated with chlorine in an 
inert solvent and the resulting mixture is cstcrificd. Aluminum chloride 
is then removed by washing with water, and the resulting esters of phos- 
phonic and phosphinic acids are readily recovered and isolated by 
vacuum distillation. Hydrolysis of the esters yields the corresponding 
free acids. This procedure not only eliminates the handling and the 
isolation of malodorous and sensitive chlorophosphincs but also senes 
to produce the phosphonic and the phosphinic acid derivatives in much 
higher yields than those obtained by the Michaclis method. The yields 
are frequently nearly theoretical, based on the amount of the aromatic 
hydrocarbon used. The overall scheme of this method may be illustrated 
by the accompanying representation. 

Aril + PCI, -^4 (ArPCl, + Ar,PCl) -^4 

(ArPCh + Ar,PCl») ArP{0}(OR), + Ar,P(0)OJt 

** Dj e, J. Am. Chrm. Sec . 70, 2595 (1948). 
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The use of this procedure, with its excellent rec^enes, ^tabUsn^ 
that the formation of the disubstituted products is a D e 
but that it can be essentially suppressed if the reaction pe 

tivelv short (three to eight hours). snorted br 

A variation of the above-described procedures has 
Bode and Bach . 44 They reacted tnmenc phosphomtnl ^ 

(PNC1 2 ) 3j with benzene in the presence ot aluminum c ^ I0 
resulting diphenyl derivative, (CoHjjoPaXsCU. ' %a f ’ ' ■' ^ed 

di phenyl phosphinic acid by heating with water to o ,j ate is 

tubes for twenty-four hours. Since the yield ot the . l0 be 

poor, the significance of this procedure as a synthetic too p. 
slight. 


Scope and Limitations 

The Friedel-C rafts reaction has been successful!} applied ^ 
preparation of phosphonic and phosphinic acid demati'fe^^ 
following aromatic compounds: benzene , 13 - 3 - 57 chlorobenzene, ^ ^ 
rotoluene , 54 bromobenzene ,- 1 toluene,-'-- 1 --- eth} nze 

propylbenzeney* cymeney-" anisole ,— 53 phenetole, m i m eth' 
lene , 5 - 5 - 3 the trimethylbenzenes,— ~ naphthalene ,' 1 dipm - ^ 

ane, 5 -- sj/m-diphenylethaney 1 -- o- and p-dichlorobenzene, _ 
vl ,---’ 3 diphenyl ether ,' 74 thiophene 3 and dimethylanihnew J ^^_^^,_ 
tion, monoaryl dichlorophosphines were prepared Ironl * ’* , 

aniline, N,X-methylethylaniline, N.X-methylbenzylanihne, an ^ 
ethylbenzylanillne , 3 but the products were not converted tot. 

phonic acids. __ . , tT t c bloro- 

The reaction failed to take place to a detectable extern wn 70ite . a 
benzene, 3 benzonitriley- iodobenzeney- benzophenoney- eth> 1 
and r-bromotoluene.~ - be 

The rather limited number of the compounds listed abo% e ca 
considered as the true scope of the reaction. The reaction can P r<3 _ 
be applied to all aromatic compounds that can undergo the 3£ y r T' ga j 
tvpe Friedel-Crafts reaction. However, the reaction has some - ^ 

limitations which restrict its usefulness, particularly in the wnip^ ^ 
obtain compounds with a specific structure. Thus, the wore. - 

= fa- J. S-M. Pr.-Ji- CAct. Sc, c., 64. 524 (1632) 'C. a, 27, Sot (1933)1- 
3 \U V Bcr., 31, 2915 (1595). 

3 sr.d Panei. Skl, 212, 203 (1SS2). 

® J. Ger*. Chan. 4, 192 (1634) [C. A., 29, 464 (163o)]. 

n Wesler, Bcr., 20, 171S (1SS7>; 21, 1492 (lSSS). 
c Daviss, J - Ctezru Soc~, IS 15, 462. 

= lizd^er, Witlo. ssd Zazszfesuer, Zlor^zU?^. 70, 1 (1937). 
w DstIss 2 zi& Morris, J . CKsttl. Soc., 1932, 2S50- 
3 llie-sedi and Schsnk. Be--, 21, 1497 (1SSS); A r-.„ 250, 1 (1560). 
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date docs not include the study of the possible isomerizations or migra- 
tions of the ntkyl substituents on the aromatic nucleus. Such changes 
may be expected to take place in reactions involving the use ol aluminum 
chloride at elevated temperatures. It will be noted that the compounds 
studied had comparatively short side chains, whose isomerization is 
rather improbable. The reaction with bromobenzene gives a poor yield 
of the desired product because of extensive denomination by the 
aluminum chloride. The identity of the dichlorophosphinc obtained 
by Michael is ** from anisole has been seriously questioned by Ivaniai,*® 
who showed that anisole suffers an extensive cleavage of the ether linkage 
anti that the yield of the pure p-methovy derivative is but 26%. It was 
also shown that the successful application of (he Friedel-Crafts icaction 
to anisolo and to phcnctolc requires the use of partially hydrated 
aluminum chloride,* 1 because pure aluminum chloride, which is neces- 
sary for all the other reactions, yields phenyl dichlorophosphite, 
CoHjOPClj, instead of the dichlorophosphine. 

The phosphorus residue enters the aromatic nucleus in orientations 
that are normally expected for the compounds that have been tried. 
Thus, the para isomer of the toluene derivative has been isolated and 
the presence of the ortho isomer has been deduced from the low melting 
point of the dichlorophosphine which rcmnins after the removal of the 
para isomer by freezing. 41 The formation of two isomeric products has 
been established in the reaction of meta-xylene,* 1 but the products from 
chlorobenzene and from the phenyl ethers have been assigned the para 
structure exclusively.* 1 It is possible that a closer study of the products, 
which will be available in good yields as a result of the modifications of 
the isolation proccduic, will reveal the presence of other isomers. 
Apparently an isomer of unknown structure has been isolated from 
bromobenzene,* 1 besides the authentic para isomer No definite assign- 
ment of structure has been given to the derivatives of naphthalene, 
biphenyl, diplicnylmethane, or diphcnylethane, although the last three 
products may’ be expected to be largely the para isomers. 


Experimental Procedures 

P-Toluenephosphonic Acid (Michaelis Procedure). 40 - 41 A mixture of 
150 g. of toluene, 200 g. of phosphorus trichloride, and 30 g. of aluminum 
chloride is refluxed for thirty-six hours with protection from atmospheric 
moisture. The cooled reaction mixture is mixed with 2 volumes of a 
hydrocarbon solvent (preferably petroleum ether), and the mixture is 
allowed to stand in a loosely stoppered separatory funnel until the 
layers separate cleanly. This may require a day. The extract is sepa- 
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rated and transferred carefully to a distillation apparatus, and 
mixture of isomeric tolyldichiorophosphines is recovered by > t 

under reduced pressure, preferably in an inert atmosphere o p 
oxidation. Approximately 50 g. of the mixture is recovere in ^ 
of a fraction which boils at 236-260° at atmospheric pre-sur 
para isomer may be largely recovered by freezing the mix nre , , ^ 

to 25 g. of the pure product may be obtained. The liqui ^ r ^ 

not the pure ortho isomer, and attempts to purify it ave n . 
successful. The para isomer melts at 25°. The dichlorop 03 . houfc 
treated with chlorine, either in carbon tetrachloride solution or ^ 
dilution, 63 until the absorption of an equimolar amount o 
takes place. The resulting tetrachlorophosphine is treate a3 

sulfur dioxide until the conversion to the oxychloride isc° mp su ] t ing 
shown by the liquefaction of the solid tetrachloride. e r 
product is treated with ice water and boiled briefly to comp e 
hydrolysis, and p-toluenephosphonic acid is isolated by co° e j tsa t 
solution. After recrystallization from aqueous ethanol the aci 111 
189°. The conversion from the dichlorophosphine to the aci ) 

stantially quantitative. . , . . . pWnd after 

Small amounts of the crude ditolyl derivatives are leit d 
the isolation of the dichlorophospbines. They may be iso a e ^ 
treating the viscous aluminum chloride complex residue, a e ^ 
hydrocarbon extraction, with water, separating the semisolid m=o ^ 
mass, washing it with water, and extracting it with dilute aq ^ 
ammonia. Acidification of the alkaline extract gives variable amo 
of the ditolyl derivatives as a non-crystalline viscous mass. f 

Benzenephosphonic Acid (Kosolapoff Procedure)." A mixture^ 
78 g. (1 mole) of benzene, 411 g. (3 moles) of phosphoms trichlori ^ 

133 g. (1 mole) of aluminum chloride is refluxed for three hours ^ 

protection from atmospheric moisture. The excess phosphorus 
ride is removed under reduced pressure (water pump) with » ^ 

with the bath temperature below 60°. The residue is dissolve 
ml. of dry tetrachloroethane, and, with efficient stirring and ice-" ^ 
cooling, dry chlorine is led into the solution until its absorption cea ^ e 
as indicated by escaping chlorine. This requires one to two hours. ^ 
gas inlet tube is replaced with a dropping f unn el, and the flask is 
ated (water pump) by means of a connection to the top of the re 
condenser. With stirring and ice-water cooling, 230 g. (5 moles) 0 
ethanol is added to the mixture in one to two hours, the mixture ° 
kept at 10-15°. The connection to the water pump is maintaine 
one or two hours after the addition to facilitate the removal of the ^ 
of hydrogen chloride. The nearly colorless solution is then poured 
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rated and transferred carefully to a distillation apparatus, and ^ 
mixture of isomeric tolyldichlorophosphines is recovered by I= t 
under reduced pressure, preferably in an inert- atmosphere 0 P 
oxidation. Approximately 50 g. of the mixture is reco\ ere m ^ 

of a fraction which boils at 236-260° at- atmospheric P r f sure , 

■para isomer may be largely recovered by freezing the mix ure, __ 
to 25 g. of the pure product may be obtained. The hqui 
not the pure ortho isomer, and attempts to purify it a\e n0 _ 
successful. The para isomer melts at 25°. The dichlorop o-P ut 
treated with chlorine, either in carbon tetrachloride solution or ^ 
dilution, 59 until the absorption of an equimolar amount o c ^ 
takes place. The resulting tetrachlorophosphine is treat ^ 

sulfur dioxide until the conversion to the oxychloride 
shown by the liquefaction of the solid tetrachloride. T e ^ ^ 

product is treated with ice water and boiled briefly to comp e ^ 
hydrolysis, and p-toluenephosphonic acid is isolated by coo 
solution. After recrystallization from aqueous ethanol the aci me ^ 
189°. The conversion from the dichiorophosphine to the aci 1= 
stantially quantitative. . , a f ter 

Small amounts of the crude ditofyl derivatives are left be i ^ 
the isolation of the dichlorophosphines. The}' may be no a ^ 
treating the viscous aluminum chloride complex residue, a e ^ 
hydrocarbon extraction, with water, separating the semisok m- ^ 

mass, washing it with water, and extracting it with dilute a 9 u ^_ 
ammonia. Acidification of the alkaline extract gives variable amo 
of the ditolyl derivatives as a non-crystalline -viscous mass. 

Benzenephosphonic Acid (Kosolapofi Procedure)." A mL . „ nC ) 
78 g. (1 mole) of benzene, 411 g. (3 moles) of phosphoius tricblon 
133 g. (1 mole) of aluminum chloride is refluxed for three ^ 10U ^ c y 0 . 
protection from atmospheric moisture. The excess phosphorus 
ride is removed under reduced pressure (water pump) with £ ^ 

with the bath temperature below 60°. The residue is dissoh e 111 ^ 
ml. of dry tetrachloroethane, and, with efficient stirring and 
cooling, dr}' chlorine is led into the solution until its absorption ' ^ 

as indicated by escaping chlorine. This requires one to two hours- 
gas inlet tube is replaced with a dropping funnel, and the flask is e 
ated (water pump) by means of a connection to the top of the rc ^ 
condenser. With stirring and ice-water cooling, 230 g. (5 moles) 
ethanol is added to the mixture in one to two hours, the mixture - 
kept at 10-15°. The connection to the water pump is maintain 
one or two hours after the addition to facilitate the removal of the ^ 
of hydrogen chloride. The nearly colorless solution is then poured 
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time. Evaporation of the mixture yields the crude reaction product, 
which may he isolated by crystallization from suitable solvents. 

When hypophosphorous acid is used, both its hydrogen atoms bound 
to phosphorus, i.c. f hydrogens which are not titratable, can participate 
in the reaction. Such disubstitution is favored, as might be expected, 
by an excess of the carbonyl compound and by prolonged reaction time. 
The final product is a phosphinic acid, as illustrated by the following 
representation of the reaction of acetone. 

2CHtCOCHi + II,PO(OII) ~> (CH*)iC(OH)P(0)(OU)C(OH)(CIIj)j 

If the reaction is interrupted before the completion of disubstitution, 
it is possible to isolate both the disubstituted (phosphinic) acid, shown 
above, and the monosubstituted (phosphonous) acid, which is formed 
in the primary reaction in which only one hydrogen atom of hypophos- 
phorous acid is involved. Usually the reaction mixture contains appro- 

CIIjCOCII, + HjP(0)0II -> (CH,),C(0H)r(0)(II)0H 

ciable amounts of a phosphonic acid, which is produced by oxidation 
of the phosphonous acid, probably by the action of atmospheric oxygen. 
In the reaction described above, this acid is 2-hydroxy-2-propanephos- 
phonic acid, (CH 3 ) 2 C(OH)PO(OH) 2 . 

The a-hydroxy phosphonous acids, obtained at the intermediate stage 
of the reaction, are obviously capable of further condensation with 
carbonyl compounds, because they still have one phosphorus-hydrogen 
linkage. It is possible to isolate these phosphonous acids and to use 
them in condensations with carbonyl compounds which are different 
from those used in the first stage. Such a procedure results in the 
formation of unsymmetrical phosphinic acids. 

When phosphorous acid or a phosphonous acid is used in the carbonyl 
condensation, only one hydrogen atom is available for the reaction and, 
hence, the formation of a single product is assured. The products made 
with the aid of phosphorous acid are phosphonic acids; those made 
with the aid of a phosphonous acid are phosphinic acids. 

Although, the fonnation of the phosphinic acids by the condensations 
with hypophosphorous acid can be made to proceed almost quanti- 
tatively, there is no information about the yields of the intermediate 
phosphonous acids under such conditions. Similarly, there has not 
appeared any information about the variations of experimental condi- 
tions, such as temperature. 

The reaction has been applied to a variety of aldehydes and ketones, 
including acetaldehyde (in the form of paraldehyde), isovaleraldehyde. 
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Addition of Compounds Containing the 
Phosphorus-Hydrogen Linkage 

The synthesis of phosphonic acids by the addition of substances con- 
taining the phosphorus-hydrogen linkage to a carbonyl compound may 
be represented by an aldol-like condensation, with the formation of a 
phosphorus-containing acid having a hydroxyl group in the a. position 
to the phosphorus atom. An example is the formation of a-bydroxy-a- 
toluenephosphonic acid from benzaldehyde and phosphorous acid. 

CJIiCHO -f HP(0)(0H) ; CsH s CH(0H)P(0)(0H), 

The reaction in its most primitive form was used by Litthauer, 65 who 
heated a mixture of phosphonium iodide, PH4I, and benzaldehyde to 
100 3 in a sealed tube and obtained a mixture of a-toluenephosphonic 
acid, C 6 H 3 CH 2 PO(OH) 2 , dibenzylphosphinic acid, (C & H 3 CH 2 ) 2 PO(OH), 
and tribenzylphosphine oxide, (C 6 H 3 CH 2 ) 3 PO. It is evident that the 
hydrogen atoms of phosphonium iodide participated in the reaction and 
that the resulting a -hydroxy derivatives were reduced by hydriodic 
acid. Such reduction of a-hvdroxyphosphonie acids has been observed 
by Fossek. 47 

A rather extensive series of experiments by Yille r *" 71 and by Marie ”•** 
between 18S9 and 1901 established the general nature of this reaction of 
ketones and aldehydes. In reactions with hypophosphorous acid, phos- 
phorous acid, and various phosphonous acids a large number of phos- 
phonic and phosphinie acids were prepared. These compounds are 
listed in Table IV. 

The reaction is conducted by heating a mixture of the carbonyl 
compound with the desired phosphorous acid for a prolonged period of 

K I-Hthauer, Bor.. 22, 2144 (1SS0). 

17 o-vzUK., 5, 121 (1SS4); 7, 20 (1SS6). 

« Ville. Corr.pl. tctA., 109, 71 (lSSSj. 

B V5!e. Co~.pl. rorA.. 107, 659 USS.S). 

" Ville. Cor-.pl. rrrA.. 110, 34S (1S20). 

~ Vffie. Aim. pCjr., <Q, 23, 252 (IS5I). 

~ Marie. Conpl. rcrA., 133, 219 (1201). 

- Marie. Compt. rcr-i.. 135, 10-7 (.1202;. 

T < Marie. Crmpl. nrA.. 135, 1115 (1202). 

15 Marie. Co-. pi. rtrA.. 133, SIS (1201). 

” Marie. Co-.p. totA.. 134. 250 (1202). 

~ Marie. Co~.pt. rrrA„ 134, S47 (1202;. 

« Marie. Co-. pi. rrrA.. 135, 505 (1503,*. 

Mari'. Co-opt. rorA... 135, 4S (1203). 

' Mare. Co-. pi. rrrA., 135, 234 (1203). 

Marie. Co~.pl. rrrA.. 13S, 1707 (1204), 

*= Marie, Aran. p'-.pr. A.if... r=), 3. 335 (S20U. 

c Marie. Co-.pt. rt-A.. 137, 124 (1203). 
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time. Evaporation of the mixture yields the crude reaction product, 
which may be isolated by crystallization from suitable solvents. 

When hypophosphorous acid is used, both its hydrogen atoms bound 
to phosphorus, i.e., hydrogens which are not titratable, can participate 
in the reaction. Such disubstitution is favored, as might be expected, 
by an excess of the carbonyl compound and by prolonged reaction time. 
The final product is a phosphinic acid, as illustrated by the following 
representation of the reaction of acetone. 

SCHjCOCII* + HtPO(OII) -» (CHj)tC(0H)P(0)(0H)C(0H)(CIIj)j 

If the reaction is interrupted before the completion of disubstitution, 
it is possible to isolate both the disubstituted (phosphinic) acid, shown 
above, and the monosubstituted (phosphonous) acid, which is formed 
in the primary reaction in which only one hydrogen atom of hypophos- 
phorous acid is involved. Usually the reaction mixture contains appre- 

CHiCOCII, + H,P(0)0H -► (CHj)jC(OII)P(O)(H)0H 

ciable amounts of a phosphonic acid, which is produced by oxidation 
of the phosphonous acid, probably bj- the action of atmospheric oxygen. 
In the reaction described above, this acid is 2-hydroxy-2-propanephos- 
phonie acid, (CH 3 hC(OII)PO(OII) 3 . 

The o-hydroxy phosphonous acids, obtained at the intermediate stage 
of the reaction, are obviously capable of further condensation with 
carbonyl compounds, because they still have one phosphorus-hydrogen 
linkage. It is possible to isolate these phosphonous acids and to use 
them in condensations with carbonyl compounds nhich are different 
from those used in the firet stage. Such a procedure results in the 
formation of uns 3 'mmetrical phosphinic acids. 

When phosphorous acid or a phosphonous acid is used in the carbonyl 
condensation, only one hydrogen atom is available for the reaction and, 
hence, the formation of a single product is assured. The products made 
with the aid of phosphorous acid are phosphonic acids; those made 
with the aid of a phosphonous acid are phosphinic acids. 

Although the formation of the phosphinic acids by the condensations 
with hypophosphorous acid can be made to proceed almost quanti- 
tatively, there is no information about the x-ields of the intermediate 
phosphonous acids under such conditions. Similarly, there has not 
appeared any information about the variations of experimental condi- 
tions, such as temperature. 

The reaction has been applied to a variety of aldehydes and ketones, 
including acetaldehyde (in the form of paraldehj-de), isovaleraldehyde, 
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hcptanal, benzaldeliyde, acetone, methyl ethyl ketone, diethyl ketone, 
methyl propyl ketone, acetophenone, and benzophenone. 

The main difficulty in this reaction is the necessity of working with 
phosphorus acids which generate some phosphine on heating. This 
tendency is particularly pronounced with hypophospliorous acid. Proper 
ventilation is required for this work in order to rcdticc the health hazard. 

The reaction is conducted with crystalline, essentially anhydrous, 
acids merely by heating them with the carbonyl compounds on a steam 
bath with suitable protection from atmospheric moisture. The duration 
of each reaction must be determined empirical]}', because no precise 
information can be found in the literature. IVhen the phosphinic acids 
are being prepared, it suffices to purify the final product by removing 
any excess carbonyl compound and crystallizing the residual matter 
from a suitable solvent; water and ethanol have been favored. The 
a-hydroxyphosphonic acids, prepared from phosphorous acid, are 
purified similarly, although the purification through a salt of a heavy 
metal (usually lead) may be necessary to remove inorganic impurities. 
The a-hydroxy phosphonous acids are usually isolated from the filtrates 
after the removal of phosphinic acids, which are less soluble; such 
recovery may involve either a simple evaporation or, more commonly, 
a purification through a lead salt. The lead phosphonites are water 
soluble, in contrast to the lead salts of the corresponding phosphonic 
acids. The lead salts are readily converted to the free acids by treatment 
with hydrogen sulfide. The a-hydroxy phosphonous acids can be oxi- 
dized to the corresponding a-hydroxy phosphonic acids by mercuric 
chloride or, preferably, by a small excess of bromine water. 


Experimental, Procedures 

a-Toluenephosphonic and Dibenzylphosphinic Acids. 66 A mixture of 
10 g. of phosphonium iodide and 5 g. of benzaldehyde is heated in a 
sealed tube to 100° for four to five hours. On cooling, the tube is opened 
and appreciable amounts of phosphine and hydrogen iodide are allowed 
to escape. The reaction mixture is warmed with a small amount of 
water, and the warm solution is filtered. Evaporation of the solution 
gives a-toluenephosphonic acid, m.p. 166°. The yield is variable, 
averaging 10-15%. The water-insoluble mass is triturated with dilute 
potassium hydroxide, and the filtrate is acidified with hydrochloric acid 
to give 15-20% of dibenzylphosphinic acid, which, after crystallization 
from ethanol, melts at 191°. 

Di(a-hydroxyisopropyl)phosphinic Acid. 72 A mixture of 400 g. of 
dry acetone and 250 g. of crystalline hypophosphorous acid is refluxed 
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with protection from atmospheric moisture. After seventy hours, the 
mixture attains a boiling point of 69°, at which time the reaction is 
stopped by cooling (he mixture. After standing in an ice bath for 
several hours, the mixture is filtered and the crude di(a-hydroxyiso- 
propyl)phosphinic acid is washed with a little cold acetone. The filtrate 
is again heated as described above and the process is repeated until 
complete conversion of hypophosphorous acid is accomplished. The 
product is recrystallized from hot ethanol and melts at 185-186° with 
decomposition. 

If the filtrate from the initial isolation of the phosphinic acid is worked 
up, the phosphonous and phosphonic acids can be recovered as follows. 
The filtrate is freed of excess acetone by vacuum distillation, and the 
residual syrup is dissolved in water. The solution is neutralized with 
lead carbonate, and after filtration of the insoluble lead salts the filtrate 
is evaporated carefully to dryness. The dry residue is extracted with 
hot 95% ethanol. On cooling, the lead salt of a-hydroxyisopropyl- 
phosphonous acid separates. It is taken up in water, and hydrogen 
sulfide is passed into the solution until the precipitation of lead sulfide 
is complete. The filtrate is evaporated cautiously on a water bath, and 
the residue is made to crystallize by chilling. 2-IIydroxy-2-propane- 
phosphonous acid is obtained in the form of extremely hygroscopic 
colorless crystals, which melt at 40-41°. The water-soluble fraction of 
the lead salts being removed, the insoluble residue of the lead salts of 
the phosphonic acid is suspended in water and the mixture is treated 
with hydrogen sulfide as described above. Evaporation of the filtrate 
and cooling yield 2-hydroxy-2-propancphosphonic acid, which after 
crystallization from acetic acid melts at 169-170°. 

The phosphonous acid, obtained above, may be readily oxidized to 
the corresponding phosphonic acid bj' treating its water solution with 
2 molecular equivalents of mercuric chloride,” ferric chloride,” or, 
preferably, bromine water.” If the metal salts are used for oxidation, 
the mixture is treated with hydrogen sulfide, and the filtrate is evapo- 
rated to recover the product. The use of bromine water simplifies the 
recovery, because it is merely added to the aqueous solution of the 
phosphonous acid until a permanent color is obtained and the resulting 
solution is evaporated to dryness. Usually an additional evaporation 
with water is advisable in order to remove the residual hydrobromic acid. 

o-Hydroxyethanephosphonic Acid.™ Crystalline phosphorous acid is 
heated on a steam bath with a large excess of paraldehyde under a 
reflux condenser which is protected by a calcium chloride tube. After 
one hundred hours, the dark mixture is poured into cold water and the 
tarry matter is removed by filtration. The residual phosphorous acid 
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is destroyed by the a dition of bromine -water until permanent color is 
established. The excess bromine is removed by bubbling air through 
the solution, and, after the solution is made alkaline with aqueous 
ammonia and the phosphate ion is precipitated by magnesia mixture, 
the precipitate is discarded and the filtrate is evaporated to dryness. 
The residue is taken up in water and is neutralized with acetic acid. 
Lead acetate solution is added to precipitate the lead salt of the desired 
product. The lead salt is collected, washed with cold water, and sus- 
pended in water into which hydrogen sulfide is passed until the precipita- 
tion of lead sulfide is complete. The sulfide is removed by filtration, and 
the filtrate is evaporated to dryness to give, after standing in a vacuum 
desiccator, colorless crystals of a-hydroxyethanephosphonic acid, m.p. 
74—78°. The yield varies, averaging 25-35%. 


Addition of Phosphorus Chlorides 


The synthesis of phosphonic and phosphinic acids by the addition of 
certain phosphorus chlorides to carbonyl compounds provides an alter- 
native method for the preparation of a-hydroxy derivatives. In addi- 
tion, this reaction serves as a source of certain j8-keto phosphonic and 
phosphinic acids. 

The reaction was discovered by Fossek, 67 who found that a number 
of aldehydes, including acetaldehyde, propionaldehyde, isobutyralde- 
hvde, heptanal, and benzaldehyde, react with phosphorus trichloride, 
forming substances containing 3 units of the aldehyde to 1 unit of phos- 
phorus trichloride. When one of these products was treated with 
water, 2 molecular equivalents of the aldehyde and 3 equivalents of 
hydrogen chloride were liberated. Evaporation of the aqueous solution 
gave a crystalline acid which was identified as the corresponding 
a-hydroxy phosphonic acid. Fossek visualized the reaction in the 
following manner. 


Cl O 

\ / \ H-0 

PCl 3 + 3RCHO -» P CHR — RCH(OH)PO(OH) 2 

RCHCIO OCHC1R 


Several years later, Michaelis 52 showed that the same reaction can 
be used with phenyldichlorophosphine. He reported the reactions of 
this substance with acetaldehyde and with benzaldehyde. The hydroxy 
phosphinic acids produced had the structures shown below. 


CcH 5 P(0)(0H)CH0HCH 3 and C £ H 5 P(0)(0H)CH0 HCcH 5 
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Except for minor variations, M the subject was dormant for twenty 
years, when Conant resumed a study of this reaction under somewhat 
different experimental conditions. He showed that mixtures of phos- 
phorus trichloride with an essentially equimolar amount of saturated 
aldehyde or ketone, on treatment with an excess of acetic acid or acetic 
anhydride and then with water, give a-hydroxyphosphonic acids in 
yields comparable to tho«e obtained by Tossek. The main difference 
between the procedures used by these investigators was that in the 
later work of Conant the excess of the carbonyl compound, winch was 
advocated by Fossek, was replaced by the acetic acid or anhydride. 
In the course of this work it was also found that a,0-unsaturatcd ketones 
undergo an analogous reaction, yielding on hydrolysis the corresponding 
/J-kcto phosphonic acids. The overall reaction is shown for benz- 
alacetophcnone. 

C,II,CII=ClICOC«H, + PCI, CTf,OJ:fI > C,H,CII(PO,H 5 )ClI,COC,H, 

Similar reactions were successfully conducted when phosphorus tri- 
chloride was replaced by substituted trivalent phosphorus chlorides. 
These included phenyldichlorophosphine (CgllsPC ^), 81 ’' u diphcnyl- 
cldorophosphine (C#IIs)jPCl, w phenyl diehlorophosphite (CeII 5 OPCI 2 ), M 
methyl diehlorophosphite (CII 3 0PC1 2 ),“ and ethyl diehlorophosphite 
(C 2 II S 0PC1 2 ). 88 In a subsequent paper by Drake and Marvel •» it was 
shown that butyl dichlorophosphine, C 4 II 9 PCI*, also reacts in the 
expected manner. It may be said, qualitatively at least, that this reac- 
tion is general for trivalent phosphorus chlorides. The quantitative 
aspect of the problem has not been explored adequately, but there are 
indications of some inexplicably low yields with several substituted 
phosphorus chlorides. 8 * It was also found that benzophenone and cam- 
phor fail to react under the conditions cited above. Attempts to raise 
the reaction temperature above approximately 30-35° led to a vigorous 
reaction between phosphorus trichloride and acetic acid (or anhydride) 
which took precedence over the other reaction. It was found, however, 
that when benzoic acid was used instead of acetic acid the normal 
reaction could be carried out at higher temperatures. 

When acetic anhydride is used in the reaction of an oyS-unsaturated 
ketone, evaporation of the reaction mixture leaves a residue of a very 
reactive substance, which on heating with phenol or an alcohol forms 

“ Page, J. Chem. Sot , 101, 423 (1912). 

“ Conant and Pollack, J. Am Chem. Sot , 43, 1665 (1921). 

“ Conant, Bump, and Holt, /. Am Chem. Soc , 43, 1677 (1921). 

" Conant, Brarerman, and Hussey, J Am Chem. Sot . 4S. 165 (1923). 

“Conant. Wallingford, and Gandbeker. J. Am Chem Sot , 45, 762 (1923). 

* Drake and Marvel, J. Ore. Chem , i, 3S7 (1937). 
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an ester of the 5-keto phosphonic acid which would be normally obtained 
by hydrolysis of the reaction mixture. This behavior of the intermediate 
suggested to Conant that its structure is that of a cyclic mixed chloride 
anhydride, containing phosphorus, oxygen, and carbon atoms in the 
ring, which is formed by a 1,4 addition across the carbonyl group and 
the double bond. (See below.) 

The subsequent work of Drake and Marvel 53 showed that the above- 
mentioned intermediate reacts with long-chain alcohols to yield mono- 
alkyl esters of the type mentioned above. The alcohols used in this work 
included 1-decanol, 1-dodecanol, 1-tetradecanol, 1-hexadecanol, 1-octa- 
decanol, and octadee-9-en-l-ol. Although the products were insoluble 
in alkali, they were assigned the structures of mono esters shown in 
the accompanying formula (R" is the alcohol residue), because the anal- 
yses and the determination of active hydrogen by the Grignard reagents 
indicated the existence of a reactive hydrogen atom. 

RCHCH-COR' 

i 

R”0P(0)0H 

The behavior of mixtures of phosphorus trichloride and saturated 
carbonyl compounds was explained by Conant by the formation of a 
1,2 addition product across the carbonyl group with the consequent 
formation of a thme-membered ring structure. Reaction of such a 
compound with water would be expected to give the a-hydroxy phos- 
phonic acids. Such a reaction scheme for benzaldehyde is shown in the 
accompanying formulation originated by Conant. 

ECHO 4- PCI, t=± RCH 0 > RCHOH 

\ / i 

PCI, POfOH). 

A s im i l ar mechanism, involving the 1,4 addition, was proposed for 
the reaction of a.S-unsaturated ketones. 

RCH:CHCOR' 4- PCI, -» RCHCH=CR' 

1 i 

CljP o 

It was believed that acetic acid, or acetic anhydride, could react with 
the primary adduct more readily than with more phosphorus trichlo- 
ride. This was taken to be the reason for the fact that the reaction goes 
to completion instead of coming to a definite equilibrium, such as is 
attained by mixtures of phosphorus trichloride and the carbonyl com- 
pounds without added reagents. 

* Co-ir.: and Cook. J. .tn. Chrrz. 42, S30 (1930). 
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A precise study of the reaction rates, however, forced Conant to 
abandon the mechanisms shown above as untenable.* 1 Not only did 
the kinetic studies show the improbability of the above reaction mecha- 
nism, but also the existence of the cyclic intermediates was shown to 
be the result of a secondary reaction. It was further shown that the 
very slow' addition of 1 mole of water to a mixture of benzaldehyde and 
phosphorus trichloride, followed by hydrolysis of the mixture with cold 
water, leads to good yields of o-hydroxy-a-toluenephosphonic acid. 
If the reaction mixture after the addition of a mole of water was heated, 
a mole of hydrogen chloride was evolved and the resulting syrup belm cd 
like a lactone, i.e., like the products obtained by the older technique 
when acetic anhydride was used in the reaction mixture. As a result 
of this work, Conant was unable to supply a satisfactory alternative 
mechanism. He suggested that the overall reaction may be best repre- 
sented by a trimolccular interaction. 

RCHO + TCI, + CHjCOjH -» R(POCI,)CHOH + CHjCOCl 
or 

RCHO + PCI, + (CH*C0),0 -» R(FOC1,)CHOCOCH, + CH.COC1 

The phosphonyl chlorides shown above may be expected to give the 
free acids on treatment with water, or esters upon treatment with 
alcohols. 

Scope and Limitations 

The reaction performed according to Conant’s procedures has been 
used with success with the following carbonyl compounds: acetone, 
methyl ethyl ketone,* 5 ethyl propyl ketone,* 5 methyl tert-butyl ketone,® 5 
acetophenone,* 5 dibenzyl ketone,* 5 bcnzylacetophcnone,* 5 dibenzyl- 
acetone,® 5 and benzophenone,® 5 as well as acetaldehyde, 45 heptanal,® 5 
and benzaldehyde. 4 ’ ® J The Fossek procedure was successfully used 
with formaldehyde, 41 acetaldehyde, 45 - 47 propionaldehyde," isobutyr- 
nldehyde, 47 isovaleraldchyde, 47 -** liexanal,* 7 and benzaldehyde. s * 57 A 
procedure similar to that of Conant was successfully used with pyruvic 
acid M to produce «-hydroxy-cr phosph onop ropion ic acid. 

Successful additions to the following aj9-unsaturated ketones were 
reported: benzalacetophenone, 4 * w “ p-methoxybenzalacetophenone,* 4 
dibenzalacetone,**- ® s cinnamyhdeneacetophenonc, 44 p-chlorobcnzalaccto* 

* Conant and W’albngford, J. Am. Chrm. Soe . 46, 192 (1921). 

"Conant, MacDonald, and Kinney. J. -4m. Chem. Soe., 43. 192S (1921). 

" Conant and MacDonald, J. Am Chem Soe., 43, 2337 (1920). 

" Bern, on. Be r , S3. 661 (1925). 

"Conant, J. .4m. Chem. Soe . 39. 2079 (1917). 
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phenone, 56 mesityl oxide,” sym-dibenzoylethvlene,” and 5-etbyJ- 
3-nonen-2-one.” 

Whereas aldehydes react satisfactorily in this reaction, ketones tend 
to yield mixtures from which appreciable amounts of the corresponding 
unsaturated phosphonic acids can be isolated. These result from 
dehydration or dehvdrohalogenntion of the primary reaction products. 
Thus, acetophenone readily yields the corresponding styrcnephosphonic 
acid derivative, CcHsC^POsHo^CHo, 5957 and aliphatic ketones yield 
o-hydroxy phosphonic acids contaminated with varying amounts of 
similar by-products. This leads to considerable difficulty in crystalli- 
zation of the reaction mixtures, and the products often have to be 
purified through metallic salts. Conant 59 recommends the use of lead 
salts. The reaction of acetophenone was studied in some detail, and it 
was shown that, besides the normally expected a-hydroxy acid and the 
styrene derivative, it is possible to secure good yields of the correspond- 
ing a-chloro phosphonic acid if the primary reaction mixture is saturated 
with hydrogen chloride. 

As was mentioned earlier, benzophenone is too sluggish for the usual 
reaction in the presence of acetic acid, and the reaction must be run at 
approximately 150° in benzoic acid. A similar procedure was necessary 
for camphor, although the final product was not obtained in a pure state. 
Benzil and anthraquinone failed to react even under these conditions. 59 

Although Drake and Marvel 59 showed that phosphorus trichloride 
can be made to add to 9-ethyltridec-7-en-6-one, 5-ethylhept-3-en-2-one, 
3,9-diethylhendec-4,7-dien-6-one, 3-ethyldodec-4-en-6-one, and 3-eth- 
yIhendec-I-en-6-one, pure products could not be isolated. 

The tendency of the ketones to yield unsaturated products of the 
type discussed above was successfully utilized by Hamilton, 55 who found 
that the crude products can readily be converted to the pure unsatu- 
rated derivatives by passage through a tube heated to 190-220°, or by 
heating the mixtures with acetic anhydride to 150°. Heating with 
phosphorus pentachloride serves not only to yield the unsaturated acids 
but also to convert them to the corresponding unsaturated phosphonvl 
dichlorides, which can be readily purified by distillation under reduced 
pressure. The procedure is most clearly described for the product of 
the acetone-phosphorus trichloride reaction; the dehydration treatment 
described above gives 70-80% yields of l-propene-2-phosphonyl di- 
chloride, CH 2 =C(CH 3 )POCl 2 , which can be readily purified by vacuum 
distillation. 

K Conant and Jackson, J. Am. Chem. Soc., 46, 1003 (1924). 

r Conant and Coyne, J. Am. Chem. Soc., 44, 2530 (1922). 

” Hamilton, H. S. pat. 2,365,465 [C. A.. 39, 4619 (1945)]. 
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The final modification of the reaction, introduced by Conant, i.e., 
tho slow* addition of water to the reaction mixture, was used by him 
only for benzaldehydc. The scope and the limitations of this very 
simple procedure cannot be estimated because it succeeds probably by 
the virtue of differential reactivities of the reaction intermediates with 
water. 

The nature of the phosphorus chloride derivative seems to be un- 
important in this reaction provided that it is a chloride of trivalent 
phosphorus. 

Experimental Procedures 

a-Hydroxy-a-toluenephosphonic Acid (Fossek Procedure).** Thirty- 
seven grams of phosphorus trichloride is slowly added to 114 g. of 
benzaldehydc. The mixture is allowed to stand overnight with pro- 
tection from moisture. The resulting oil is poured into 3 1. of cold water, 
and the aqueous layer is separated, filtered, and evaporated on a steam 
bath. After the addition of 500 ml. of water to the residue, the solution 
is re-evaporated to dryness to expel the residual hydrochloric acid. The 
resulting syrup is rubbed with dry ether to induce crystallization, and 
the product is recrystallized from a 2:1 mixture of benzene and acetic 
acid to give 42 g. (849c) of a-hydro\y-«-tolucnephosphonic acid, m.p. 
170°. 

A similar reaction with formaldehyde is too vigorous to control The 
use of paraformaldehyde, however, in a procedure similar to the above 
readily gives a 93% yield of hydroxymethnnephosphonic acid, m.p. 85°. 

Conant Procedures (Saturated Carbonyl Compounds).* 5 The car- 
bonyl compound is mixed with a 10% molar excess of phosphorus tri- 
chloride at 30-35°, and, after standing for two or three hours, the solu- 
tion is treated with 3 moles of acetic acid, which is added with cooling 
at 20-30°. The mixture is allowed to stand for six to tw elve hours at 
room temperature with protection from atmospheric moisture. It is 
then poured into cold water, and the solution is evaporated to dryness. 

If the product fails to crystallize, it is converted to the lead salt with 
lead acetate, after the removal of inorganic phosphorus with magnesium 
nitrate and aqueous ammonia. This procedure gives, when 10 g. of 
acetone and 30 g. of phosphorus trichloride are used, a 91% yield of 
2-hydroxy- 2-propanephosphonic acid, m.p. 167—169° after crystalliza- 
tion from acetic acid. 

a-Chloro-a-phenylethancphosphonic Acid.* 7 Ten grams of aceto- 
phenone and 14.2 g. of phosphorus trichloride are mixed at room tem- 
perature, and after standing for two hours with protection from atmos- 
pheric moisture the solution is treated with 25 g, of glacial acetic acid 
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at 25°. The solution is allowed to stand overnight, after which a stream 
of drj’ hydrogen chloride is passed through it for two hours. The result- 
ing solid is sucked dry on a sintcred-glass filter. Recrystallization from 
ether gives 16 g. (S7%) of a-chloro-a-phcnylethane-a-phosphonic acid, 
m.p. 174-175°. 

a-Hydroxy-a-phcnylethanephosphonic Acid. The normally expected 
hydroxy acid is readily obtained only by careful hydrolysis of the above 
chloro acid. It cannot be obtained by the normal procedure, because 
it is too readily attacked by hydrochloric acid on heating. The hydrol- 
ysis procedure is as follows: Ten grams of the chloro acid, obtained above, 
is dissolved in 200 ml. of cold water, and the solution is allowed to stand 
at room temperature for two days. The solution is evaporated without 
warming by means of an air jet, and the residual syrup is placed in a 
vacuum desiccator, where it crystallizes after several days. There is 
obtained 7.5 g. (81%) of a-hydroxv-a-phenylethane-a-phosphonic acid, 
which melts at 154-155° after crystallization from a chloroform-ether 
mixture. 

The chloro acid is also the best source of the styrene derivative, 
CfiH 5 C(P 03 H 2 )=CH 2 . The chloro acid evolves hydrogen chloride on 
being heated to 1S0°; the cooled product on crystallization from a 
chloroform-ether mixture gives 80-90% vields of the unsaturated acid, 
m.p. 112-113°. 

a,a-Dipheny]-a-hydroxymelhanephosphonic Acid. Sluggish compounds 
like benzophenone can be phosphonated at elevated temperatures. A 
mixture of 10 g. of benzophenone and 20 g. of benzoic acid is melted 
on a steam bath, and 10 g. of phosphorus trichloride (55% excess) is 
added to the hot mixture during five to ten minutes. The mixture is 
heated to 155° in the course of ten minutes and is then allowed to cool 
to 130°, at which temperature it is kept for two or three hours. After 
cooling to 90°, the mixture is poured into 500 ml. of water. Sodium 
hydroxide solution is added to faint alkalinity, and the mixture is heated 
on a steam bath for four to five hours. The mixture is diluted to 750 
ml., cooled, and extracted with ether to remove the unreac^ed ketone. 
The aqueous solution is acidified with hydrochloric acid and cooled in 
ice water, and the precipitated benzoic acid is filtered. The filtrate is 
evaporated to 250 ml., and the residual solution is extracted with ether. 
Evaporation of the extract gives a rapidly solidifying oil, which is frac- 
tionally crystallized from water slightly acidified with hydrochloric acid. 
There is obtained 7 g. (50%) of ar.a-diphenjTa-hvdroxymethanephos- 
phonic acid, 92 m.p. 171-172°. 

a-Hydroxy-a-ioluenephosphonic Acid. sl A mixture of 10 g. of benzalde- 
hyde and 13 g. of phosphorus trichloride is cooled by means of an ice 
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bath, and, with vigorous stirring, 1.7 g. (1 mo), eq.) 0 / water is added in 
small droplets in the course of fifteen minutes. The solution is kept at 
IO-I5® until the evolution of hydrogen chloride subsides. The resulting 
yellow oil is poured into cold water, and the solution is evaporated to 
dryness at room temperature by means of an air jet. The residual 
oily product is converted to the aniline salt by treatment with aniline 
in ether solution. There is obtained 13.5 g. (57%) of the aniline salt 
of o>hydroxy-a-tolucnephosphonic acid, which melts at 201-202° after 
crystallization from ethanol. 

l-(4'-Methoxyphenyl)-2-benzoylethane-l-pho$phonic Acid.* 5 A sus- 
pension of 19 g. of p-anisalacctophenone in 40 ml. of glacial acetic acid 
is treated with 14 g. Df phosphorus trichloride. The solution becomes 
cool and turns red. On standing overnight the color fades to yellow*. 
The solution is poured into 500 ml. of w-ater, and the rapidly solidifying 
oil is collected. It is redissolved in dilute sodium carbonate solution, the 
solution is extracted with ether to remove the unreacted ketone, and 
the aqueous solution is acidified with hydrochloric acid to give 23 g. 
(89%) of the keto phosphonic acid, m.p. 189°, after crystallization from 
dilute ethanol. 

a-Phosphono-a-hydroxypropionic Acid.* 4 Ten grams of pyruvic acid 
is treated with 15.5 g. of phosphorus trichloride with efficient stirring and 
cooling. Considerable amounts of hj-drogen chloride are evolved. The 
mixture is stirred until a homogeneous solution is formed. This is 
allowed to stand overnight with protection from moisture. Then, 20.4 
g. of acetic acid is added with stirring and cooling, and the mixture is 
allowed to stand for twelve hours. The resulting oil is poured into water, 
and the solution is evaporated under reduced pressure at 30-40°. The 
oily residue crystallizes on standing in a vacuum desiccator. Recrystal- 
lization from acetic acid gives 5-6 g. (about 40%) of somewhat hygro- 
scopic colorless crystals, m.p. 165-170°. 

THERMAL DECOMPOSITION REACTIONS 

The preparation of certain intermediates for the synthesis of phos- 
phonic and phosphinic acids by reactions which involve thermally 
induced dissociation or displacement may be divided for convenience 
into four categories. It must be understood that this division is arbi- 
trary’ and that it does not necessarily imply that a different reaction 
mechanism operates In each category’. As a matter of fact, the exact 
mechanisms involved in these reactions are essentially unknown, and 
only fragmentary uncorrelated observations have been made on most 
of them. The preparations have been conducted in a purely empirical 
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manner; undoubtedly, considerable improvements in the yields and on 
the procedures may be expected in the future. The arbitrary classifica- 
tion adopted here is as follow's. 

a. Pyrolytic reactions. 

b. Displacements with organomercury compounds. 

c. Thermal decomposition of phosphonium compounds. 

d. Disproportionation of phosphonous acids. 

Pyrolytic Reactions 

Pyrolysis is used to prepare a very limited number of monosubstituted 
dichlorophosphines of the aromatic series. The dichlorophosphines can 
be converted to the corresponding phosphonic acids by reactions which 
were discussed under the Friedel-Crafts reaction. 

Michaelis 55 observed that when vapors of a mixture of phosphorus 
trichloride and benzene are allowed to contact a hot surface (at red 
heat) phenyldichlorophosphine is formed in accordance with the follow- 
ing equation. 

C, H c ~ PClj CcH.PCb -r HC1 

Tnis observation led to the construction of various pieces of equipment 
in which the reaction could be carried out in a convenient manner.- 
The essential feature of all of them is a provision for leading the vapor 
mixture over the heated surface. The phenyldichlorophosphine, pre- 
pared as indicated above, is purified by distillation of the reaction mix- 
ture in a carbon dioxide atmosphere. The distillate, b.p. 225*, usually 
contains some free phosphorus and phosphine. It is best purified by 
heating for several hours at nearly reflux temperature in a stream of 
carbon dioxide. 1 '- 1 

The use of the pyrolysis for preparative purposes appears to be 
limited to benzene. Only two other substances, thiophene 11 and 
toluene,*- 214 have been converted to the corresponding dichlorophos- 
phines by this method. With both compounds the yields were dis- 
c-ouragingly poor. In a run of eight days" duration only 14 g. of the 
dichlorophosphine was obtained from 100 g. of thiophene. The use of 
toluene gave principal!;.- pyrolytic products of toluene, free phosphorus, 
and a trace of a tolyldichlcirophosphine, which was obtained in such a 

K Ber., 6, 001. S10 (1S73>. 

- r - 1S1, 205 a STS';. 

~ A- E„ Arbszor, d zssemtzan* Kgzaru 1914. 

— Lecocs. BvB. zoc- ckxtn. 42, 199 (1933). 

3=5 B •crxies J 2 mes, J. Am. Chem, 51, 1405 (1929). 

** MichasSs z^d Lsngs, Ber. t £, 1313 (1S75). 
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small amount that it could not be characterized as such, but was con- 
verted to the acid, which appeared to be the meta isomer. 

The above summary indicates the present scope of this reaction when 
phosphorus trichloride is used. However, a related reaction has been 
extended to phenyldichloropiiosphine. 10 ' 1104 This substance on being 
heated to 300° undergoes disproportionation to phosphorus trichloride 
and diphenylchlorophosphine, (CuIIsJjPCI; this reaction is best carried 
out by heating the dichlorophosplunc in a sealed tube for seventy-two 
hours to 300 0 . 101 The cooled solution is filtered, and the filtrate is frac- 
tionated to give 40-50% yields of diphenylchlorophosphine, b.p. 178°/14 
mm. The reaction does not seem to be applicable to other dichloro- 
phosphincs. 


Displacements with Organomercury Compounds 

Michaelis 100 found that phenyldichlorophosphine can be obtained 
from phosphorus trichloride and diphcnylmcrcury. 

rci, 4- (Cfihhiig -> cwi.pci, 4 c.iurgci 

The reaction has been used by many later workers for the preparation 
of mono- and di-substituted chlorophosphines It appears to be a two- 
step reaction, with both reactions usually occurring, as shown below’. 

R,!Ig 4- PCI* RPC1* 4 RHgCl (a) 

RHgCl 4- PCI, -> RrCl, 4 HgClj (5) 

The second step is favored by higher temperature and by an excess 
of phosphorus trichloride. 10 * The reaction can be used for the synthesis 
of disubstituted chlorophosphines by employing monosubstituted di- 
chiorophospliines instead of phosphorus trichloride. It is obvious that 
a mixture from such a reaction contains mono- and di-substitution 
products and may even contain traces of tertiary phosphines. The 
presence of the higher substitution products has been recognized for a 
long time, 100,107 but no detailed study of the extent of the side reactions 
has been reported. The desired product can be readily separated from 
the products of higher degree of substitution by distillation. However, 
the chlorophosphines obtained in this manner are usually contaminated 
with considerable amounts of organomercury compounds, which are 
extremely difficult to remove by distillation. 8 ’ 100 107 It is doubtful that 
a product completely free of mercury can be isolated from reaction 

“* Darken, Ber., 21, 1505 (1SS8). 

■« Michael, a, Ber . 13, 2174 (1SS0). 

101 Guichard, Ber., 32, 1572 (1899). 
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mixtures of this category. This difficulty is of little importance, however, 
if the product is to he converted to a pliosphonic or a phosphinic acid 
bv methods given in the earlier sections. The mercury contaminants 
are best removed after such conversion. 

The most favorable factor in this reaction lies in its capacity to produce 
definite products having the same carbon structures as those of the 
orgnnomercury intermediates. Phosphorus enters the molecule at the 
site of the mercury attachment. For this reason, the reaction has been 
used for identification, by providing compounds of definite structures 
as reference substances suitable for comparison with compounds obtain- 
able from the Friedel-Crafts reaction. 

The present scope of the reaction includes both aliphatic and aromatic 
compounds, the list of which is given in Table V. The yield has been 
reported for only one alkyklichlorophosphine. butyldichlorophosphinc, 
61%. 65 The yield of aromatic dichlorophosphines usually exceeds 50%, 
except for the 2,4-dimethyIphenyI derivative (20%) a and the 2,4.5-tri- 
methylphenyl derivative (20%).” The yields of diarylmonochloro- 
phosphines vary between 30% and 64%. 

The reactions are conducted at approximately 200°, using either 
sealed tubes or ordinary' reflux apparatus with a provision for an inert 
atmosphere. Although many compounds appear to react at fairly low 
temperatures, it is generally advisable to heat the mixture near the end 
of the reaction to temperatures in excess of 150°, principally to convert 
the mercury compounds to mercuric chloride, the bulk of which may be 
removed by filtration. The necessity for high temperatures limits the 
usefulness of this reaction to compounds that can withstand such heat. 


Ext r : jumextae Procedures 

/>-Tolylphenylchlorophosphme. 1,; A mixture of 78 g. of phenyldi- 
chlorophosphine and 60 g. of di-p-tolylmercury is heated in a reflux 
apparatus in a carbon dioxide atmosphere for two or three hours to 
270°. On cooling, the mixture is extracted with benzene and filtered, 
and the filtrate is distilled to give 30 g. (63.5%) of p-tolylphenylchloro- 
phosphine, b.p. 2-3 0-240°/ 100 mm. 

Phenyldichlorophosphine. 1 ' 0 Ten grams of diphenyl mercury and 34 
g. of phosphorus trichloride are heated in a sealed tube for five hours 
at 180'. On cooling, the mixture is filtered and the filtrate, on distilla- 
tion, gives crude phenyldichlorophosphine, which is allowed to stand 
until the metallic mercury droplets settle. Filtration and distillation 

“ P°P? Giteon, J . Cf ^ m . Soc ., 101, 735 (1912). 
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give 5 g. of essentially mercury-free product, b.p. 21&-220 0 ; the yield is 
nearly quantitative, if calculated by equation (a), p. 317. 

n-Butyldich!orophospfiine.'' s Fifty grams of di-n-butyfmercury was 
placed in a Pyrex tube, which was flushed with dry nitrogen, and 100 g. 
of phosphorus trichloride was slowly run in. A white precipitate began 
to form almost immediately. The sealed tube was heated at 200° for 
nine hours. The cooled mixture was washed out with phosphorus tri- 
chloride and, upon distillation, gave 17 g. of n-butvldichlorophosphine, 
b.p. 157-lGO 0 , which still contained mercury, probably as butylmercury 
chloride. 

Phenyl-Z^bromophenylchlorophosphine. 10 ’ A mixture of 9S g. of 
p-bromophenyldichlorophosphine and 85 g. of diphenjdmercury was 
heated to 210° for seventy-five minutes in a nitrogen atmosphere. The 
cooled mixture was shaken with 200 ml. of dry petroleum ether and 
filtered. Distillation of the filtrate gave 35-40 g. (47-53%) of the 
product, b.p. 203-201°/ 11 mm. 


Thermal Decomposition of Phosphonium Compounds 

Thermal decomposition of true quaternary phosphonium halides gnes 
derivatives of tertiary phosphines. However, when the related tertiary 
phosphine dichlorides are heated, the products contain disubstituted 
chlorophosphines which can be converted to phosphinic acids by methods 
indicated in previous sections. The general reaction scheme may be 
illustrated by the following representation. 

ItR’R'TClj -* R"C1 + RR'PCl 

The reaction was observed by Michaelis and Soden 110 for the triphenyl 
derivative and by Collie and Reynolds 1,1 for the triethyl compound, 
although neither group was able to use the reaction for practical syn- 
theses. Piets developed a workable procedure based on this reaction. 
The results of his work are outlined below in some detail, because of 
the inaccessibility of the original publication. 

Tlie tertiary phosphine dichlorides are prepared either by addition 
of chlorine to the corresponding tertiary phosphines in an inert solvent 
(preferred for non-alkylated aromatic compounds), or by the reaction 
of phosphorus pentachloride with tertiary phosphine oxides (preferred 

10 * Davies and Mann. J. CKrm See. 1944, 276. 

u » Michaelis and Soden. ^nn.. S29. 295 (ISS5) 

“ Collie and Reynolds, J. Chtm. Soe., 107, 367 (1915). 

m V. M. Piets, dissertation. Kaaan. 1938. 
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for alkyl or alkarvl compounds). It is possible to use thionyl chloride, 
sulfuryl chloride, sulfur monochloride, cldorosulfonic acid, or titanium 

(CtHriiP ri- Cl; -* (CcHt'**PCls 
(C-Hst;PO -f PCli -> fCjHjbPCi; -f POCb 

chloride in the second reaction instead of phosphorus pentachloride, but 
the yields are poor. 

The resulting dichlorides are decomposed by heating at 150-220" in 
a distilling apparatus in an inert atmosphere. The products are dis- 
tilled. and the yields of disubstituted chlorophosphines obtained in 
this manner range from 40% to 10%. The compounds prepared by 
Piets are listed in Table VI. 

The present scope of this reaction is indicated by the extent of the 
table. It is probable, however, that the reaction can be run with many 
other tertiary phosphine derivatives. The variety of the compounds 
listed in the table indicates good versatility. 

Although Piets indicates that the reaction possibly can be extended 
to the preparation of monosubstituted dichlorophosphines by a repeti- 
tion of the reaction sequence on the monochloro compounds obtained 
as indicated above, no experimental proof has been presented. From 
the material on hand, it is impossible to set down the specific order of 
the ease of cleavage of the substituent groups from tertiary phosphine 
dichlorides in this reaction, as has been done for the true quaternary 
phosphonium compounds by Ingold and co- workers. 

A related reaction was used by Micbaelis and others for tie 
preparation of met’nylphenyl- and methyl-p-tolybphosphinic acids by 
thermal decomposition of the corresponding dipiperidylphosphoaium 
hydroxides, according to the following scheme. 

RR'(C;H ;; X;;POE — RR'P(0)0H 

The exact mechanism of this reaction is obscure: it has been used only 
for the two compounds listed above. Tie procedure ma y be illustrated 
by tie following example. Phenyldipiperidylpiosphine (prepared from 
phenyldichlorophospbine and piperidine) is treated with an eq uim olar 
amount of methyl iodide: the resulting phosphonium iodide is treated 
with an excess oi moist silver oxide and filtered ; and the filtrate is evaDO- 
rated to dryness. The residue is dissolved in water and is re-evaporated 
to dryness, and the residue is heated to 150' for three or four hours. 
It is dissolved in water, treated with aqueous ammonia, and evatvorated 
to dryness, and the residue is taken up in a little water. The solution is 

— Hex "C I-jeM. J. CU~.. 1933. 531; Fe--c-, Hey. a 

XE-ineHi. &r_ 31, 1037 (ISSS). 


-A In-e'i. ibid.. 1933, 959. 
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treated with silver nitrate; the silver salt is separated, suspended in 
water, and decomposed with the calculated amount of hydrochloric acid. 
After filtration from silver chloride, the solution is evaporated to give a 
75% yield of methylphenylphosphinic acid, m.p. 133-134°. 

With only the two examples in existence, it is impossible to define 
the scope or the limitations of this reaction. 


Experimental Procedures 

Di-n-propylcblorophosphine. 111 A distillation apparatus, with a pro- 
vision for the introduction of dry carbon dioxide, is charged with 17.6 g. 
of tri-n-propylphosphine oxide; 25 g. of phosphorus pentachloride is 
added, and the mixture is heated to 190-220°, at which point a con- 
siderable degree of foaming occurs. Heating must be carefully regulated, 
because any overheating produces appreciable amounts of yellow phos- 
phorus and phosphines. When the reaction subsides, distillation under 
reduced pressure gives 9.1 g. (60%) of di-n-propylchlorophosphine, 
b.p 90-101715 mm. 

Diphenylchlorophosphine.” 1 A solution of 26.2 g. of triphenyl- 
phosphine in 100 ml. of freshly distilled chloroform or carbon tetrachlo- 
ride is treated with dry chlorine until the absorption is complete. A 
distillation condenser is attached, and while the apparatus is being 
swept by carbon dioxide the solvent is distilled; the residue is carefully 
heated to 190-210°, when a vigorous reaction commences. When the 
reaction subsides, the product is distilled and the distillate is redistilled 
in vacuum, yielding 9.9 g. (40%) of diphenylchlorophosphine, b.p. 
178°/14 mm. (300-320°/760 mm.). 

Disproportionation of Phosphonous Acids 

Thermal disproportionation of phosphonous acids is a reaction com- 
mon to oxygen acids of phosphorus which have a P-H linkage. The 
reaction has been observed with the aliphatic 107 and the aromatic 115 
compounds. It may be presented as a mutual oxidation-reduction reac- 
tion which proceeds according to the accompanying equation. 

3RPO,H« -» 2RPO»Hj + RPH S 

The reaction occurs on heating and generally requires temperatures 
above 100°. It is of no significance for preparative purposes, since the 
phosphonous acids employed in it usually are made from dichlorophos- 
phines which can be converted directly and in almost quant itati\ e yields 

1U Michaelis and AnanofT. Ber.. 7, 16SS (IS 74). 
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to phosphonie acids by reactions indicated in earlier sections. The 
simultaneous formation of the phosphines is another serious disadvan- 
tage to this reaction; phosphines are generally very toxic, and they 
possess disagreeable odors. The procedure is essentially that of dry 
distillation until the elimination of the phosphine is complete. Recrys- 
tallization of the residue from water yields the phosphonie acid. The 
yields are variable because the phosphonie acid may undergo dephos- 
phonation at the temperatures employed. In most cases the reaction 
has been observed only qualitatively. Apparently it cannot be applied 
to a-hvdroxy derivatives, for they suffer decomposition, with the loss 
of a carbonyl compound, before the oxidation-reduction can set in. 

MISCELLANEOUS SYNTHESES 

This section deals with synthetic methods that cannot be classified 
with the previously described procedures. Most of the reactions cited 
here have been explored but little, and their usefulness cannot be esti- 
mated accurately. 

Oxidation of Phosphines and Phosphonous Acids 

Primary and secondary phosphines, RPH 2 and RRTH, can be 
oxidized by a variety of means to the corresponding phosphonie and 
phosphinic acids. However, the possible usefulness of this method is 
limited by a number of important factors. At the present time there 
is no satisfactory and safe way to prepare the phosphines in high purity. 
The venerable synthesis by heating mixtures of alkyl iodides, zinc oxide, 
and phosphonium iodide in sealed tubes gives poor yields of complex 
mixtures. It has been used only for very small-scale preparations. A 
possible solution is the synthesis of phosphines from sodium hvdrogen 
phosphides (i.e., sodium derivatives of phosphine) and organic halides . 115 
The information about this synthesis is too meager to be evaluated here. 
Under any circumstances, the oxidation of phosphines presents serious 
difficulties because of the toxicity of phosphines and the inflammable 
nature of the lower members of the series. A number of acids have been 
prepared on a minute scale by evaporation of solutions of the phosphines 
in nitric acid . 1 - 7 There is information neither about the best conditions 
nor about the yields. 

Oxidation of phosphonous acids is not a particularlv good source of 
phosphonie acids, as mentioned in the preceding section on the dis- 
proportionation reactions. The only important exception to this gen- 

115 Wallxas. IT. 8. pats. 2,437.795-S. \C. A. m 42, 4I9S-41?3 (194S)]. 
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eralization is the oxidation of the a-hydroxy derivatives, which can be 
readily obtained from condensation reactions of carbonyl compounds. 
The methods of oxidation of these compounds have been discussed 
(p. 336). Another possible exception is the oxidation of N-dialiyl- 
aminobenzenephosphonous acids; these substances cannot be oxidized 
without decomposition by acidic reagents such as nitric acid, which is a 
common oxidant for other phosphonous acids. 107 Although the dimethyl- 
amino compound could be oxidized to the corresponding phosphonic 
acid “ by 2 moles of mercuric chloride in aqueous solution, the higher 
members of the series suffered decomposition under these circumstances. 
Warming the acid with oxygenated water was found to be a good method 
for oxidizing both the diroethylamino and the diethylamino compounds, 
but there is no detailed information about the experimental conditions. 117 

Syntheses from Dialkylanilines 

It will be recalled that in the section dealing with the Friedel-Crafts 
reaction mention was made of an early synthesis of p-dimethylamino- 
benzenephosphonic acid by that method.* 4 It was found later by Bour- 
neuf 1,7 and Raudnitz "* that aluminum chloride is not necessary in the 
primary reaction, and that both the mono- and the di-substituted 
phosphine chlorides can be made by a direct reaction with phosphorus 
trichloride. Raudnitz worked only with dimethj laniline ; Boumeuf 
used both dimethylaniline and diethylaniline, and he devised means for 
the direct synthesis of phosphonic and phosphinic acids in this series 
by using phosphorus oxychloride instead of phosphorus trichloride. 
The reactions used are shown in the accompanying equations. It will 

2RjNCiH, + POClj -* p-RjNCiHJ’OCl, + R,NC«H,HC1 
4R,NC,n i + POC1, -» (p-RjNC,H,) t POCl + 2R,NC,ir, HCI 

be noted that an excess of the amine is used to take up the hydrogen 
chloride generated in the reaction. The chlorides obtained in the reac- 
tion are then hydrolj'zed to the corresponding acids. 

A related reaction which depends on the reactivity of the ortho hydro- 
gen atoms in diphenylamine has been used to prepare a derivative of the 
heterocyclic compound, dibenzophosphazine, in the form of the corre- 
sponding phosphinic acid. 11 * 

m Bowneuf. BwiZ. «*. cA.-n. Fran*. S3, ISOS (1923). 

n ‘ Jlmiiimti. Ber., SO, 743 (1927). 

"* Sergwv md Kudrj»»hov. J. Gen. Chtm. UJSS.Jt.. 8. 268 (183S) fC. A.. 33, 5403 
(I93S)]. 
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(CeHs);NH -f PCI, 


XH 



The above interactions of phosphorus trichloride and phosphorus 
oxychloride with the dialliylanilines have been described only for di- 
methvlaniline and diethylaniline. It is probable that other dialkyl- 
anilines can be used. The formation of the heterocyclic phosphimc 
acid described above is the only instance reported. It may be expected 
that substituted diphenylamines will produce the corresponding cyclic 
compounds. 

Experimental Procedures 

Bis(4-dimethylaminophenyl)-phosphonic and -phosphinic Acids (Bour- 
neuf Procedures). 117 A mixture of 242 g. of dimethylaniline and 137 g- 
of phosphorus trichloride is heated on a steam bath for three hours 
under a reflux condenser with protection from moisture. The cooled 
mixture is added to a solution of 320 g. of sodium carbonate in 1 1. of 
water, and the excess dimethylaniline is removed by steam distillation. 
The residue is cooled for twenty-four hours, and 40 g. of insoluble solid 
is removed. The solution is treated with barium chloride until the 
precipitation of barium phosphate is complete, and the filtered solution 
is treated with excess saturated copper sulfate solution. The copper 
salt of the phosphonic acid is collected, suspended in water, and treated 
with hydrogen sulfide. Evaporation of the filtrate gives 110 g. ( 00 %) 
of 4r-dimethylaminobenzenephosphonic acid, m.p. 163°. The alkali- 
insoluble solid is extracted with boiling benzene, in which almost all of 
it dissolves. Cooling of the extract gives bis(4-dimethjdaminophenyl)- 
phosphine oxide (or phosphinous acid), m.p. 169 °, in 10% yield. This 
oxide is readily converted to the corresponding phosphinic acid by allow- 
ing a mixture of 4 g. of the oxide and 50 ml. of oxygenated water, to 
which just enough dilute sulfuric acid is added to effect solution, to 
stand for two days. Sodium carbonate is added until complete 
solution is attained, and the solution is acidified with acetic acid to 
give 4.2 g. (100%) of pure bis (4-dimethy la min ophenyl) phosphinic 
acid, m.p. 249°. 
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The oxidation fractions may be avoided if phosphorus oxychloride is 
used. Thus, 75 g. of phosphorus oxychloride and 142 g. of dimethyl- 
aniline are heated to 130 0 for eight to nine hours in a refiux apparatus 
protected from moisture. Heating is stopped when the open-arm 
manometer attached to the reflux condenser begins to indicate a partial 
vacuum in the flask. The cooled mixture is carefully added to 1.5 1. 
of 10% sodium hydroxide solution, and the excess amine is removed by 
steam distillation. The residual solution is filtered after standing for 
twenty-four hours. The alkaline filtrate is acidified w ith acetic acid to 
give 85 g. (40%) of bis(4-dimcthylaminophenyl)phosphinic acid, which 
is rccrystaltized from a mixture of benzene and methanol; m.p. 249° 
(on a copper block). 

Dibenzophosphazinic Acid."* A mixture of 21 g. of diphenylaminc 
and 17 g. of phosphorus trichloride is heated in a reflux apparatus which 
is protected from atmospheric moisture. The heating is effected by an 
oil bath, the temperature of which is raised to 200-220° in the course of 
six hours. The hot solution is poured into 1 1. of cold water. (It is 
advisable to conduct this operation in an open-top box in nhieh several 
Jumps of Dry Ico are placed, so as to provide an inert atmosphere. The 
reaction mixture contains some free phosphorus which mil burst into 
flame on exposure to air.) The solidified reddish mass is broken up 
Under water and is repeatedly extracted with a total of 4 1. of hot water. 
On cooling, the hydroxyphosphine is collected, dried in a vacuum 
desiccator, and suspended in 200 ml. of tetralin which is contained in a 
reflux apparatus. The tetralin is brought to the boiling point, and air 
is bubbled slow ly through the solution for one to two hours. The cooled 
mixture is filtered, and the dibenzophosphazinic acid is purified by 
precipitation from dilute sodium hydroxide solution by hydrochloric 
acid. The substance docs not melt at 250°. The yield is approximately 
17%. 

Oxidative Phosphonation 

This reaction is less well understood than any of the other procedures 
discussed in this chapter. The structures of the compounds formed have 
not been proved, but the potentialities of the reaction are sufficiently 
interesting to justify its mention. The process involves the reaction of 
unsaturated compounds with elemental phosphorus and oxygen simul- 
taneously. The primary reaction product appears to be an adduct of 
phosphorus tetroxide to the double bond. Hydrolysis of this adduct 
yields a substance with two acidic phosphorus-containing groups at the 
previous site of the double bond. Drastic hydrolysis removes one acidic 
group, indicating that it is connected to (he hydrocarbon by an ester 
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linkage. The remaining group is stable to hydrolysis and is a phos- 
phonous acid group which can be oxidized to a phosphonic acid group. 

The reaction was discovered by Willstiitter and Sonnenfeld, 120 who 
applied it to cyclohexcne, menthene, pinenc, trimethylethylene, ally! 
alcohol, ethyl cinnamate, oleic acid, and olive oil. The products of 
hydrolysis were not characterized in detail, nor were the positions taken 
by the phosphono group and the ester phosphate group established. 
The phosphonous acid from cyclohexene was oxidized to the phosphonic 
acid by nitric acid. The reaction was also used by Montignie, 121 who 
obtained an alkali-soluble product from a similar reaction of cholesterol. 
This product, which retains the hydroxyl group of cholesterol, was 
characterized as the acetate, which melted at 250°. 

It is impossible to define the scope and the limitations of this reaction 
from the limited information available. However, it is one of the mild- 
est methods for introduction of a phosphono group into an organic 
molecule. 

Wurtz Reaction 

Although the Wurtz reaction has been used freely to prepare tertiary 
phosphines, it appears to have been used but once for the synthesis of a 
definite acidic compound. Michaelis * treated diethylamidophosphonyl 
chloride with 2 moles of bromobenzene and 4 atoms of sodium in ether 
solution, obtaining the N-diethyiamide of diphenylphosphinic acid. 
Hydrolysis with hydrochloric acid gave the free acid. No yields were 
given. The reaction sequence may be shown by the equations below. 

(CiHsbNPOCl, + 2C 6 H 5 Br + 4Na -> 

(C 2 H 5 ),NP(0)(C 6 H 5 ) s + 2NaBr + 2XaCl 
(CjH 6 ) 2 NP(0)(C 6 H5) 2 + H 2 0(HC1) -> 

(C e H 5 ) 2 PO(OH) + (C 2 H 6 ) 2 NH-HC1 

It is possible to visualize the extension of this reaction to many other 
compounds that have been prepared by means of the Grignard reaction 
in the past. 


Direct Phosphonation of a Nitrogen Heterocycle 

One instance of direct phosphonation by the reaction of phosphorus 
oxychloride with a pyrazole has been recorded. Michaelis and Paster- 
nack 122 heated phosphorus oxychloride with antipyrine (1-phenyl- 

u0 Willstatter and Sonnenfeld, Ber., 47, 2S01 (1914). 
m Montignie, Bull. toe. chim. France, (4), 49, 73 (1931). 

“Michaelis and Pasternack, Ber., 32, 2411 (1899). 
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3-mcthyl-5-cliloropyrazole) or its methochloride /or twelve hours in a 
sealed tube to 200°. On treatment with water a white solid was obtained 
which, after washing with ether and recrystallization from water, melted 
at 191°. It was given the structure of l-phenyl-3-methyl-5-chIoro- 
pyrazole-i-phosphonic acid. No yields were given. It is impossible 
to judge whether the particular pymzole used possessed a unique con- 
figuration which made this reaction possible. 

The overall reaction scheme is shown below. 

HjC — 0 OH 

i! + poci, -* 

N oci 

\ / 

NC,H, 



IIjC— C C — P(0)(0H)t 


N CCl 

\ / 

-vr.fi, 


TABLES OF COMPOUNDS REPORTED BEFORE MAY, 1348 
The following tables summarize the syntheses of the compounds 
covered by this chapter which had been reported in the literature before 
May, 1948. The compounds prepared by the primary reactions which 
introduce the phosphorus atom into the molecule are listed; the tables of 
compounds prepared by the organomercury derivatives and by thermal 
decomposition of phosphonium-type compounds list the chlorophos- 
phines n hich can be converted to the acids by hydrolysis. 
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TABLE I 

Derivatives or Phosphomc .*.ni> Phosphinic Acids Pnr.PAr.r.n nr Alkylation 
or Phosphites op. Other Tp.ivai.ekt Esters 


Compound 


CHjPOfOCHj); 

CHjPO(OC;Hs)j 

CHsPO(OC;Hr-rw). 
CHjPO(OC-Hi). 
CHiPO(OC t ILCHrp}i 
CnjPO(OC^H,CHj-m); 
CH jPO (OC'H<CLp); 
CHiPO;OC,H;(CH 2 ) 3 k 
CHjPO(0;CfIL-o) 
CHjPOIN (CtHs);L 

QrHiPO(OC;Hi)i 

C'HiPO{0;C'H(-o) 

CH 3 (CH;) : PO(OCcH 5 )i 

CH : rCH ; )-PO(OC^Hr-n); 

CHsCH=CHPO (OC-IL); 

CH:(CH;)3PO(OC;H s B 

CH 3 (CH ; ) 3 PO(OC,H;-n); 

£?'>-C4H 3 PO(OC ! H;-i.r/?); 
CHj(CH : )<PO(OC;H 5 )i 
CH’(CH;) (PO (OCiHj-ij )i 
/ioCiHnPOCOC-HjIi 
CH^CH-IsPOCOCjHs). 
CH J (CH ; }- a PO (OC,H^7i>; 
CH,{CH.)-:PO{OC>H ; ); 
CHECH;} -PO (OC<H-,-7l} ; 
CHj'CH-uPO 'OC>H;> 
CRi(CH.', t PO (OC<Hv-n} : 
CR.(CH') -PO (OC-HiL 
CH; (CH;) .PO (O C 
CH; (CH ;);PO (OC;H;); 
CH»(CH;}jPO(OC4H;-7!)j 


Method* 

j 

Yield 

I 5 

i 

I Refcr- 
\ ence 

i 

A 

I 100 

j 

| 13 

I) 

i - 

! 6 

A 

1 100, 05 

; i, is, id 

B 

45 

i° 

A 

95 

j 14 

A 

— 

i 1, 13 

A 

— 

I 

A 

— 

1 

A 

— 

1 

A 

— 

1 

A ! 

100 

123 

A ] 


! 4 

A j 

05 

14 

B ! 

35 j 

: 3, 10 

A ! 

100 ! 

1 123 

; A 

100 i 

13 

B 

G7 I 

l io 

A 

— 

101 

D 

— 

6 

A 

— 

14 

A 

— 

14 

1 A 

1 

124 

B 

oo ; 

5 

A 



125 

A 

— : 

14 

B 

S5 

5 

A 

— 

14 

A 

65 

5, 14 

B 

93 

5 

A 

— 

14 

B 

96 

5 

A 

— 

14 

B 

; s 3 i 

5 

A 


5 

B 

$6 j 

5 

A ! 


5 

b ; 

s 

00 \ 

5 
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TABLE I — Continued 

Derivatives op Phosphoxic and Phosfiiinic Acids Prepared bt Alkylation 
op Phosphites or Other Trivalent Esters 


Compound 

Method’ 

, Yield 

Refer- 

Cnt(CIIi)uPO(OCiHi)i 

A 

63, 24 

14, 126,5 

CHj(CHj)iiPO(OC,II,-n)j 

B 

91 

5 

CH 5 (CH a )„PO(OCiH s ) a 

A 

— 

5 

CH»(CH»)isPO(OC«Hr")t 

B 

84 

5 

CH,(CH a ) l6 PO(OCtH»-n)j 

B 

88 

5 

CHi(CHi) t7PO (OC«H»-n ) 2 

B 

84 

5 

IIOCI^POCOC^Hj), 

B 

100 

17 

HOCI^CIIjPOCOCjIIs^ 

D 

40 

24 

ICH,PO(OC*lI,) a 

A 

60 

14, 17 

CljCPO(OCH a ) a 

A 

— 

19, 127 

CtjCPO(OC a ETi)i 

A 

93 

18, 19, 




127 

Cl s CPO(OCH a CH=CH a ) a 

A 

— 

19, 127 

CljCPO(OCjHrn) a 

A 

— 

19, 127 

Cl 3 CPO(OC s Hr.so)t 

A 

60 

19, 127 

CljCPO(OC«IIs-n) a 

A 

25 





127 

ClsCPO(OCtH}-iso)j 

A 

60 

19, 127 

ClCH 2 CH 2 PO(OC a Il6) a 

A 



ClClI 2 CH 2 PO(OCH 2 CH 2 Cl) a 

A 

40 


BrCII a CH 1 PO(OC 2 II 6 ) a 






61 

130 

BrCII a CIIjPO(OCII 2 CH 2 Br) 2 

A 

32 

131 

Br(CH a )jPO(OCjH*) a 




NC^H^jPOCOQHOj 




CjHiOjCPO (0 CjII 


— 






CII s O a CCII t PO(OC a Il6) 2 

B 

~ 

135 

Cjmo 2 cciijPO(oc 2 Hi)j 


50 




50, 58, 95 

134-137 

CiIUOiCCHiPO (0 C.Htriio) i 

A 

50 

138 

139 

CtH»0 2 CCII a P0 (0 CtH«-n) a 

B 

69 

137 

CsmOsCCHjPOCOCjHsB 

A 


138 

Ctir s o a ccH(cir*)POCOC,ir,} a 

A 

Poor 

10, 134 


cedure; *nd D - epee**! methods. 
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TABLE 1 — Continued 


Derivatives of Phosphoric and Piiosphjxic Acids Prepared bt Aerteatior 
or PnospiirrEs on. Other Trivale.vt Esters 


Compound 

Method* 

Yield 

% 

Refer- 

ence 

C^HjO;CCILCHiPO(OCMI 5 )r 

A 

35 

10, 134 


B 

35, 78 

35, 133 

CjHsO jCCH (CjH $)PO (OC;H 5)2 

A 

— 

134 

C-H 5 OiC(CH.) w PO(OC 4 Hy-n) : 

B 

— 

22 

(Q.H 5 0;C) : CHP0 (OCiHi); 

A 

30 

137 

(CNH 50 2 C) 2 CHP 0 ( 0 CtHs-ri )2 

A 

50 

137 

(OH : 0) (Na0)P(0)CH-P0 (ONa) (0 C-Hs) 

B 



10 

«NHs0);P(0)CH;P0(0C2H 5 ); 

A 



14 

(CNH 5 0);P(0)CH ; CH;P0(0C.Hs). 

A 

26 

14 

(C^Hs 0);P(0)CH;CH ; P0(0CJI s ); 

A 

60 

16 

( iJ -C c Ht 02 )P(O)CH 2 CH : P 0 ( 0 J C c H.- o ) 

A 

GO 

16 

(C;H 5 0);P(0)CH ; CH;CH;P0(0CiH 5 ) i 

A 

75 

14, 32 


B 

— 

10 

(CjHsOI-PIOCHjOCHiPO (OC 2 H 1 ); 

A 

63 

140 


B 

85 

2S, 140 

C 6 H i CH I OCH;PO (OCjHs). 

A 

48 

28 


B 

26 

28 

CeHsCHsOCHiPO (OCfe); 

B 

33 

23 

CcHsOCH;CH2PO(OC.H3)2 

A 


30 

CH ; OCILCH;CH=-CHCH;PO(OCH 2 ) : 

A, B 

VO 

20 

CHjO CH : CH;CH==CHCH»PO (0 O.H 5 ), 

A, B 1 

70 

20 

CH30CH;CH;CH=CHCH;P0 (OQHj-Mo). 

A, B ! 

70 

20 

CHf=CHCH=CHPO(OC;H 5 ); 

A, B j 


42 

(CcHsIiNCOCHaPOCOCyio); 

A 

43 

141 

CH 3 COPO(OCH 3 )i 

A 

58, 80 

21. 142 

CSsCOPO(OC.Hs ) 2 

A 

12, 50 

21 142 

CHjCOPOCOCtHj-n); 

A 

50 

142 

CcHjCOPOrOCH;), 

A 

72 

21 

CeHsCOPOCOCiHs), 

A 

62 

21 

CHjCOCHsPO (0C-H s )*(?) 

B 



CsHjCOCHsPOCOC-HjIj 

A 

30 

138 

CeHsCH.PO (OCzHfn). 

B 

B 

37 

85 

1SS 

CeHjCHiPO (OCcHs); 

A 



CtH-Cn-PO (OjCeHt-o) 

A 



4-CH;CsH;CH;P0 (OC-Hs >2 

A 



4-CHjCaELCHiPO(OC 4 Hi-np 

B 

85 

■ 

31 


* A - ester reoorfrrs; B - so d~— silt prtyrrirre; C = 
cM^re; s—'I D = «pecrsl nstlods. 


o5— pb osj^horss trfcMa 
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TABLE I — Continued 

Derivatives of Phosphoric aso Phqsphixic Acids Prepared or Alkteatiox 
of Phosphites or Other Triyalext Esters 


Compound 

Method ' 

, Yield 
% 

Refer- 

4-CjHiC»HtCH 5 PO{OCjH^» 

A 

78 

31 

4-CjH 5 C 6 H,CH s PO(OC,H»-r»)» 

B 

S3 

31 

4-C<H«C,H,CH,PO (OC«II r n) 

B 

70 

31 

I-CioHiCHjPOCOCjH^j 

A 

87 

31 

4-C 6 l f 6C 6 II 4 CH 2 PO(OC 4 II»-n)i 




9-Pheniinthrylmcthanephosphomc acid 

B 

50 

31 

l,3,3-(CHj)jC«II(CIIiPO(OCin»-n)jl#-2,4 




Bia-O.lO-anthracenj lenemethanephosphonie acid 




(C»TI»)iCPO{OCH»)j 




ICsIhhCPOiOCtJUh 

A 

100 


(C*H») »CPO (OCjHr-n)j 

A 



(C 6 H»)iCPO(OC,IIt-i'w), 

A 



(CilhhCVOCOCiUr-nit 


— - 


4-ClC.lI,(C,II,)tCPOfOH) 1 




4-BrC6H 4 (C«H 5 )jCPO(OH), 




3-irOC t H 4 (C«U 4 ),CPO(OII)j 


— 


1-C m H,(C«II 6 ) j CPO(OII), 


— 


2-C,oH,(C 6 H s ),CPO(OH) 1 


— 


4-cifAir»(c«ii,) J cpo(OH) J 




H,NCII 2 CHiPO(OII), 








HiN'CHjCH,CHjPO(OH)3 

B 

— 

22 

O-Acridinephosphonic acid 

A 







C*IIs(CH»)PO(OCHj) 

A 

34, 02 


C,H 6 (C,H 5 )PO(OC 1 H») 

A 


* 

Cjl I 4 (iso-C 4 H,)PO (OCAIsr‘30) 

(Isolate 

d as the fn 

x? acid) 

C 4 H 4 <n-C,U,)PO(OC s U 7 -n) 

A 



C e I U ( iso-C jH?) PO (OC,I I r-iso) 

A 



(C*H»),C(C s lI|)PO(OC 4 Hr>w) 

A 


27 

€»H»(CtIIiOClI,)PO (OC,H 4 ) 

A 


26 

CtUi(CHjOCHj)PO(OCjHi) 


S3 

26 

CtlL(CjILOjCCHi)PO(OC 4 Ht-i*o) 


61 

12 

C»T I 4 [CjI 1 4 0 2 CCI t (CH j) ]PO (OCA Ir' so) 


76 

12 

C*I WC!jC) PO (OCHj) 

A 


I ”7 

Cil 1 4 (CljC) PO (OCjl I 4 ) 





• a - Mtcr FOTlw: 6 - lod.u mU PK«Uur». C - Wttfort#. r~- 
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TABLE I — Continued 


Derivatives of Pnosmos'ic and Piiosi'iiiKic Acids Piiepared bv Aekteatios' 
of PiiosniiTEs on Other Tiuvai.knt Esters 


Compound 

Method* 

Yield 

% 

Refer- 

ence 

c 6 }h(ChC)ro(oc 3 nc-n) 

A 


H 

C c Hs(ClaC)PO(OC 4 H»-tso) 

A 

— 

mm 

n-CnHjsCONHCH-POCOIDi 

D 

00 


CcH 6 CONHCH.PO(OH)j 

D 


mmm 

n-CirHjsCOCCHjINCHePOCOH); 

D 

1 

I 1 


* A «■ ester procedure; B " sodium salt procedure; C “ triarylcarbinol-phosphoms trichloride pro- 
cedure; and D *= special methods. 


13 Arbuzov and Valitova. Bull. arad. tci. U.R.S.S., datsc tci. chim., 1940, 529 [C. A.. 
35, 3990 (1941)]. 

111 Arbuzov and Arbuzova. J. Butt. Phyt. Chem. Soc.. 62, 1533 (19301 [C. A., 25, 2414 
(1931)]. 

a Arbuzov and Ivanov, J . Ruts. Phyt. Chem. Soe., 45, G90 (1913) [C. A. 7, 3599 (1913)]. 
33 Goebel, U. S. pat. 2,430,141 [C. A., 42, 3425 (1945)). 

^ Kamai, Compl. rend. dead. tci. U.B.S.S., 65, 219 (1947) [C. A., 41, 5S63 (1917)]. 

125 Kabachnik and Rossiiskaya, Bull. acad. tci. U.R.S.S., datsc tci chim 1948, 95 
I C . A., 42, 554G (1948)]. 
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TABLE II 

Phosphoric Agios Prepared bt Addition of Phosphorus Pentacueoride to 
Unsaturated Compounds 


Compound 

Yield 

% 

Reference 

C t H s CH-=CIIPOaH, 

55, 36 

38, 39, 36 

C e H s (CII»)C=CHPOj1Ij 

10 

3S 

(C«lIt)iC=C I IPOallj 

45 

38 

C«H 5 (4-C1C,IL)C=CHPOsH, 

15 

41 

C«Hj(2-CHiCsH«)C=»CHPOjHj 

35 

40 

(4-C1C,H 4 )jC— CIIPO iH* 

60 

41 

(4-CH,0C«Hi)(C e H*)O=CHP0,Hi 

40 

41 

(4-ClC 6 H4)(4-CII,OC 6 II.)C=CHPO,H, 

30 

41 

C,n,(2-FC,H4)C-CIIPOaIIi 

30 

41 

C«H s (4-C«H 4 C 6 Hi)C=CIIPOiHa 

33 

41 

(4-C 6 H l C e H4)(4-CH J C,Il4)C=CHPO,H, 

30 

41 

C 6 H s (3-ClC e Il4)C=CI I PO a l I, 

25 

41 

C.H»U-CioH,)C— CIIPOaHi 

— 


C e II 4 (2-CioH ? )C=*CIIPOaHa 

— 


2,4-(CIfj)2C(KjCH==CfrPOafri 

45 


2,4,6-(CHa)aC,IIaCH=CHP0 5 Hj 

55 


4-CjH 6 C*Il4CH=CHPOaIIi 

40 


2-ffri-C t }UCtIUClI=ClIPO t Ui 

I 35 


2-CjlLC,lI,CH=CIIPOaH, 

45 


3-C a lI 4 C s H,CII=CUrOaH, 

30 


4-C 4 H,C«Il4CII=CHP0aHa 

45 


2-C,oIl7CII^CHPOjHa 

40 


2-Indenephosphonic acid 



2- Vinj llluorrn<*-2'-pho?phomc acid 



cuj=ciicn=ciipOanj 

— 


C»H 4 CII=CIICH=CHP0aUj 



l,4-II : OaPCII==C(C ( H»lC«Il4C{C»H»)=CIIPOjHi 

— 


CCUj)jCCHi(CHs)C==CHPOaHj 



C«II 4 CCl=CIlPOaHi 



(ClDjCClCHiPOjlIj 

Low 


(2-C1C.1 1 4)CCl=CHPOaHi 



(2-CHiOC.H ,)Ca=CllFOjK» 



(4-CIIaOC 1 ll4)CCl==CIIPOaH, 


37 

(c*iu) t c(c t Urohc=*cnro s iu 


40 

C.H i CH 1 CCl=CHPO s Hi 



CHi(C1Ij)4CC1=CHPOjIIj 
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TABLE III 


PlIOSPIIONlC AND pHOSPHINIC ACIDS PREPARED I’.T TIIE FrIEDEIj-CiUPTS REACTION' 


Aromatic Compound 

Phosphonic Acids 

Phospbinic Acids 

Yield 

r* 

/C 

Reference 

! 

Yield 

% 

Reference 

Benzene 

5, SO 

50, 55, 57 

40 

55 

Chlorobenzene 

23, 82 

52, 55 

33 

55 

Bromobenzene 

10 

52 



Toluene 

25, 57 

50, 54, 55, 50 j 

22 

55, 51 

Ethylbenzene 

15 

52 



52 

Cvmene 

5 

52, 50 j 



Cumene 

— 

52 

— — 

52 

2-Chloroto!uene 

10 

SS 


1,2-DicMorobenzene 

36 

55 

2 

55 

1,4-Dichlorobenzcne 

3 

55 


1,2,4-Trimethylbenzcnc 

25 

52 

10 

; 

52 

1,3,5-Trimetbylbenzene 

5 

52. 64 

Biphenyl 

5 

51, 52, 63 



zym-Diphenylethane 

1 

52, 51 



Diphenylmethane 

— j 

52, 51 



Naphthalene 

15 

54 



Anisole 

20, 26 1 

52, 60 



Phenetole 


52 

! 


Diphenyl ether 

10 

64 

: 


Thiophene 

5 

53 



N,N-Dimethylaniline 

30 

65 
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TABLE IV 

Phosphonic and Piiosphinic Acids Pjiejmhed by nig Addition to Carbo.vti. 
Compoi’Xds 


A. By Addition of P-H Linked Compounds 


Products 

Reference 

CHsCH(OH)POjII, 

79 

(CH»),C(OH)POjH, 

72, 73, 76, 77 

<*o-Cai,CH(OH)POjHj 

79, 81 

(CH,)(c.ir s )ccoir}P0 3 K, 

SO 

(CjH»)jC(OH)POjHj 

S3 

(CIh)(n-CsIh)C(OH)POillt 

78 

C t UsCH(OU)POsHs 

74 

(C<Hj),C{0II)P0 3 IJ, 

78 

CjHiC'HjPOjHj 

66 

!(CIIi)jC(OH))2POi!I 

72. 76 

t(CH»ijC<OII)I(CIIjCHOH)PO*H 

SI 

(iso-C^UCIIOIDjPOjII 

CS, 71, 82 

(n.C,ll I ,CHOH)sPO,U 

6S, 71 

(n-C e II„CHOH)(CIIjCHOiI)PO»H 

81 

(n-c.rr 13 ciroff)(wo-c J rr J ciioH)Po 2 H 

61 

l{CH J )(C 3 H»)C(OJI))(n-C,II»CHOII)l , OjH 

82 

(ciucHonKCtihcnowPOin 

SO 

l(CH 3 ) 2 C(OII)](- l -C,Hi 3 CHOH)PO»H 

82 

|{cii,) j c{oii;kc ( ,h 5 ciioii)Po.h 

82 

|(CjIIs)jC(OH)KC6HjCHOII)POjH 

82 

I(CH 3 K n -C»H7)C(0H)](C,H s CHOII)l>O ! H j 

82 

l(C»*Ii)(Cn.)C{OII))(CHjCHOH)POjH 

82 

(C.HtCIIOJDiPOjH 


(CoH t CH,),P0 3 H 



B. By Addition of Phosphorus Chlorides 


Products 

YieUI 

j Reference 

HOCIIjPOjlI, 

93 

' SI 

CH 3 C1I(0H)P0 3 H, 

_ 


CjHiC 1 1(0 1 1)1*0311 3 

~ 


wo-CiHrCHCOfOPOrlfi 

— 


wo-C,lI»CII(OH)r0 3 Hi 




— 


(C11.)jC(0H)P0 3 I1i 


[ £ 

(CHjXCjIUICCOIDPOiHj 


( 92 
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TABLE IV — Continued 

Phospiiostc and Pnosrirrsic Acids Prepared et the Addition to Cap-bontl. 

Co i! POUNDS 


B. By Addition of Phosphorus Chlorides — Continu'd 


Products 

Yield 

Tc 

L. 

j Rc:crencc 
! 

(CHj)iCC(OH) (CHj)POiH; 

55 

j 92 

(C- H il (r.-CjHi ) C (OH ) POjH; 

50 

i 02 

CHj(CH;) 5 C(OHKH)POiH : 

SI 

1 97 

(CH I ) : C{OH)POfOC £ H s ); 

50 

! SS 

(CHj)(CtHi)C(OH)PO(OCf.H;); 

50 

1 SS 

CCHi)(CICH;)C(OH)PO(OC{Hs>; 

10 

! ss 

(CHj);C (CH;COCHj)PO (OH) C iRy-r. 


j so 

(CH:j*C(CH*COCHj)PO(OCiHs>; 

41 

j so 

CHiCOCH;CII;PO (OCjHsI: 

14 

so 

CH3(CH;}iCH(C;HsICH(PO,H.)CH : COCH3 

20 

j so 

(CH:VC(P0 3 H.)CH;COCHj 

33 

! so 

CHiCCPOiH;) (OH) CO ; H 

40 

{ ai 

C-H:CH(OH)PO-H- 

S4, 72 

j 67, S4, 03 

(CTPiVC (OH ) POjHj 

50 

• 92 

(C*H<CH;CH;)iC (0 H) POjH; 

55 

| 92 

OHiCCPOjH-KCBCHi 

S2 

1 97 

C«HiC (PO jH;) (OH) CHi 

SI 

j 97 

CH«=C(POiH;)C»Ss 

I 63, SO 

92, 07 

CrHjCOCHtCH (POjH; 'COCtHs 

SI 

j S9 

C;H ;CH (POjH ;) CH;COC{Hs 

7S 

' 00, 05 

A-CH;OC.:H«CHrPO;H;}CH:COC-H s 

} SO 

95 

CfH;CH(POjH;)CH>COCrIi<CI-i 

I 01 

95 

C^H:CHa , O I H;)CK;C0CH=CHC,H i 

1 SO 

1 95 

CsKiP(0)(OH)(CH(C-;H-5CH;COCfHs’ 

: 00 

i S5 

C-H-CH^CHCHfPOjH^CHiCOCvHs 

{ 

1 ss 

CcH;CH;C(POjH ; ) (OHjCH-C-Hi 

! 50 

| 92 

C?H=C (POjH;) (OH)CH43 H : CtH5 

j 4S 

1 QO 

CtH;CH,T(C-H;:0-HTCH-.C0CH=CHOH5 

! 70 

1 SS 

C;HsCH=CHCHiP(C<H;)0;HTCH-C0C<H3 

1 64 

I S 5 

CsHjCH (CH-COC. ; H;-)P (0 ) (0 Ej CJi, 

j 50 


CfBsCH(0H)P{0) (OH)OCtH 5 

; so 

i ss 

a : H;CHfOH)PfO) (OipOCHj 

| 50 

1 ss 

CsBsCHCOKIPCOROHlOC-Hs 

50 

i S.N 

C 5 H s CH(Cn ± C0C,H5)P(0)(0a-H i )* 

J 30 

! ss 

(CHj) (0-H 5 ]C(OH)P(0) (OOH s >. 

60 

1 ss 

CTiiCH (OH)P (0) 

[ 40 

\ ss 

a : HiP(0) (OH) (CHOHCHi) 

f 

* 

k 52 

C-HiP (O) (OH) (CHOHC 5 H 3 ) 

: 

52 

^Ke to-lO-hydroxypisr^ntfere^s-IO-phas- 
pime &cd 


67 



PHOSPHOXIC AND PHOSFHINIC ACIDS 


337 


TABLE V 

Chiorophosphwes Prepared from Osq ikomzhccrt Intermediates 


Products 

Yield 

Reference 

CjIIiPClj 


10G, 107 

n-CjHjPCli 

— 

107 

iso-CjFIjPCIj 

— 

107 

n-CiHaPClj 

61 

so 

»so-C«H 9 PCIj 

— 

107 

iJo-CjHnPCla 

— 

107 

C.IUPC1, 

100 

100 

(C»IIi) 5 PCl 

64 

146, 147 

2-CHiC,H,PCl, 

7S 

52, 59, 148 

3-CH»C(H«PCl« 

50 

52 

4*CHjC t H*PClj 

100 

59 

4-CII,OC«H,PC1j 

Poor 

52 

4-CjIIjOC.il, PC), 

Poor 

52 

2,4-(CHj)*CiHjPC1i 

20 

61 

2,-iMCihhC',u,rch 

20 , 

32 

1-CioHjPCli 


149 

2-C, 0 HjPC1j 

— 

54 

4-{CHi) 1 NC*H i PCIi 

45 

65 

C,H»(4-CHjC.H,)PCl 

61 

51,103,150 

C*JIi(4-BrC»H,)PCl 

47-53 

109 

C 6 If 4 (4-CH 3 OCJ{,)PCI 

35 

109 

CsHil2,4,5-(C!lj)»C*Hj]PCl 

30 

51 

(4-CHjC.HOsPCl 

35 



"* Michaelis, Bet., 10, 627 (IS77). 

10 Mich sells »nd Link, /Inn . 107, 193 (1SSI). 
*** MichaeW and Panek, Bet., 13, 653 (1SS0). 
1B Kelbe, Brr.. 9, 1051 (1S76): 11. 1499 (1S73). 
“• Wedekind, Ber.. 45, 2933 (1912). 
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ORGANIC REACTIONS 


INTRODUCTION 


The reaction of nil organic halide with an organometnllic compound 
in which the metal and the halogen atoms exchange places is known as 
the halogen-metal interconversion reaction. 'J his interconversion was 
independently discovered by Gilman and co-workers, 1,1 who found that 
o-bromoanisole reacted with n-butyllitliium to yield o-anisvllithium and 
n-butyl bromide, 

1 -> p 4- a-CiII)Br 

! OCHj kv^OClh 


;i-C,H»Li + 



and by Wittig, Pockels, and Drogc, 1 who observed that •1,6-dihromo- 
resorcinol dimethyl ether and phenyllithium reacted to yield 2,4-dimcth- 
oxy-5-bromophenyllithium and bromobenzene. 


CHjO^^OCH, 

c ‘ H ‘ Li + JJ., 


CHjOr^ytCH: 


-f CellsBr 


Numerous studies have established the fact that the halogen-lithium 
interconversion is a general and widely applicable reaction. 

Ordinarily organolithium (RLi) compounds are employed as synthetic 
intermediates, and immediately after their preparation they are used 
in further reactions. In general, organolithium compounds undergo all 
the reactions that are characteristic of the well-known Grignard reagents 
(RMgX). There is usually no advantage in using the more expensive 
organolithium compounds for preparations that can be carried out 
successfully with Grignard reagents. However, because of their greater 
reactivity, organolithium compounds often may be successful in reac- 
tions where Grignard reagents fail. For example, addition of organo- 
lithium compounds to the azomethine linkage in pyridines or quinolines 
is a valuable method for preparing the 2-substituted compounds. 


n + 

N 


RLi 


J 

N 

Li 


H-O 
> 

< 0 ) 


-r LiOH 




Grignard reagents add very' slowly if at all to such azomethine linkages. 
Organothallium compounds of the type R 3 T1 are prepared readily by the 
reaction of an R 2 T1X compound with RLi. Grignard reagents do not 
react with R 2 T1X compounds to give R 3 T1 derivatives. 

1 Gilman, Langham, and Jacoby, J. Am. Cfitm. Soc. t 61, 105 (1939). 

2 Gilman and Jacob:.', J. Org. Chem., 3, IDS (193S). 

2 Wittig, Pockels, and Droge, Btr. t 71, 1993 (1933). 
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The simple reagents such as phcnyllithium and n-butyllithium are 
most easily and economically prepared by the reaction of an organic 
halide with metallic lithium. 

RX + 2U -» RLi + LiX 

Many organic halides do not react satisfactorily with metallic lithium 
to form RLi compounds, or with metallic magnesium to form Grignard 
reagents. However, the desired organolithium compound often can be 
obtained by a halogen-metal interconversion reaction. Thus the halo- 
gen-metal intcrconversion greatly extends the utility of organolithium 
and Grignard-type reactions. For example, o-hydroxyphenyllithium 
cannot be obtained by a reaction of o-bromophenol with metallic lithium, 
but, under the proper conditions, o-bromophcnol reacts with n-butjl- 
litliium to give a high yield of the lithium salt of o-hydroxyphenyl- 
lithium. 4 , 

Halogen-metal intcrconversion reactions also have been observed 
with organometallic compounds of sodium,* magnesium,' 5 * 7 * * barium, and 
aluminum. 7 Dialkylmcreury compounds undergo halogen-metal inter- 
conversion with and iodides under the influence of an organolithium 
compound ns catalyst.* The present discussion, however, will be con- 
cerned only with halogen-metal intcrconversion reactions involving 
organolithium compounds. . . , 

The mechanism of the halogen-mctal interconversion reaction has 
not been thoroughly investigated. Ilonever, it has been estnbhshrd 
that the reaction is reversible 10 and rapid even at low temperatures. 
The interconversion has been pictured as an exchange between lithium 
and an electropositive halogen atom, and it is analogous to other halogen 
exchange reactions. 11 


"Nj -1 

/i. 


1/ 


/ \ / 


\ / <♦> / 
o X + Li C 

t« / \ 


The case of intcrconversion is proportional to the degree of 
polarization of the halogen atoms. The relatively pos.tive rodrne and 


4 Gilman 
1 Gilm 


n. Ml 


t«n J. Am Chem. So* . 69, 1537 (1947). 
andBaine. J. Am Chem Sec . 63. 2479 (1941). 
,d Spat*. J. Am. Chem. So* . 6S, 1553 <1940. _ 


5 £££ Tim. Chem ^J-^Z^Soe 

•Gilman. Ilaubein. O-Donnell, and Wood., So*. 

* Gilman and Jones, J. Am. Chem. Soc.. *3. 1443 («««>• 

** Gilman and Jones. J. Am. Chem. So* , «.1«* ... 

“ Meerwein, Hofmann, and Schill. J. tSi - 266 (1, 
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bromine atoms exchange readily with lithium, the less positive chlorine 
exchanges less readily, and the negative fluorine atom does not undergo 
halogen-metal interconversion at all. 11 The removal of the positive 
halogen atom is probably brought about through a nucleophilic attack 
by the anion of the organolithium compound. 11 * In this respect the 
halogen-metal interconversion resembles the hydrogen-metal inter- 
conversion or metalafion reaction, the mechanism of which Is probably 
a nucleophilic attack of the carbanion of the organometallic compound 
on a proton. Resonance and inductive forces of substituents in aromatic 
halogen compounds may have important effects on the halogen-metal 
interconversion reaction. 11 * 

The position of equilibrium in the accompanying reaction is largely 
dependent upon the relative electronegativities of the radicals R and R'. 


RLi -r R'X =2 R'Li ~ RX 


Lithium tends to become attached to the more electronegative R group. 
Thus, n-propyllithium reacts with an equimolecular quantity of a- 
bromonaphthalene to give rz-propyl bromide and a-napbthyllithiiun in 
95% yield. u If the two radicals R and R' are of approximately equal 
electronegativity the yield of R'Li will be in the neighborhood of 50%- 
For example, the equilibrium mixture obtained from equal molecular 
quantities of phenyllithium and p-iodotoluene or from p-tolyllithium 
and iodobenzene contains about equal quantities of the four substances 
phenyllithium, p-tolyllithium, iodobenzene, and p-iodotoluene. 10 With 
a proper choice of organolithium compound, RLi, it is generally possible 
to convert the halide R/X to the desired B/Li in high yield. 

SCORE OF THE REACTION 

Rature of the Halogen Atoms. For practical purposes the halogen- 
lithium interconversion is confined almost entirely to bromides and 
iodides. A few special examples of interconversions involving chlorides 
have been found, 11 - 11 - 15 but for the most part chlorides do not undergo 
the reaction.' 11 Xo organic fluorides have been observed to enter into 
halogen-metal interconversion reactions. 11 - 17 Usually the more readily 

- Wht-z. -V d xmUsmuAzflm. 30, COS (1042). 

Sgsi hanfrs; and G&=-a, J. Org. Chsn., 16, S (1951). 

- G 2=^ and Jloore, J. An. Cfjzn. Son, 62, 1643 (1940). 

14 G:':r.r-r. sztd Hsabein, J. An. CXm. Soc^ 67, 1420 (1945). 

3 Gfc-n a---d Metstrcr^, J. An, Ctjzn. Soz.. 63, 103 (1940). 

3 Wnt-: s and Witt, Be r„ 74, 1474 (1941) . 

3 Wittis s=d FcEt=ss=. Ber„ 73, 1197 (1940). 
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available bromides have been used instead of iodides, although in general 
iodides are more reactive * and give higher yields. 18 - 19 
Nature of the Organolithium Compounds. In the accompanying 
reaction with a-bromonaphthnlene the order of decreasing effectiveness 
of some RLi compounds in diethyl ether solution is n-CsHyLi] CjHsLi, 
n-C 4 H B Li, CjHjLi, and CH 3 Ii. u 


In an analogous study of the interconversion of halogenated phenyl 
ethers 19 with various organolithium compounds it was found that 
n-propyllithium and n-butyllithium gave higher yields of interconversion 
products than did phenyllithium. Methyllithium gave no interconver- 
sion products under the same conditions. ... , 

A color test for the more reactive organolithium compounds is based 
upon an interconversion reaction « The solution to be tested is trea eel 
with p-bromodimethylaniline followed by benzophenone, and then the 
mixture is hydrolyzed and acidified. The appearance of a red color 
indicates that halogen-metal interconversion has taken place as shown 
by the accompanying reactions. 

RLi + TStf— V(CH*>. — Lil f — V'( CII ’ ) ’ + RBr 


[OHI> w 


Wi.h this test it can be demonstrated that ahphat e orpnoh.h am 
compounds, with the exception of mcthyll, thrum, rediiy undergo nta 
conversion with p-bromodimethylanilme, but aryl orgauol.thrum types 
such as phenyllithium do not. ... 

Methyllithium slowly u„der s oes interxonvere.on ™ 

most reaetiro halides like o-bromosnisole and p-rodM™*^ P J 
yieids of the expected products " In 
value for interconversion reactions, * 2° 

“Gilman. Langham, and Moore. J- A”- ( 1941 ). 

" langham. Iirewt>ter. and Gilman. J- - 11940) 

•Gilman and Swiss, J. .In. CAem. See.. «. 1S17 (194U, ‘ 
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such as benzene, naphthalene, anisole, and dimethylaniline readily 
enter into halogen-metal exchange with n-butyllithium to give high 
yields of aromatic lithium compounds. Much of the exploratory work 
on the interconversion reaction has been done with these simple types. 
As stated before, the interconversion reaction usually offers no advan- 
tage for the preparation of many of these organolithium compounds 
which can be obtained directly from the organic halide nnd metallic 
lithium. On the other hand, the preparation of certain aromatic lithium 
compounds directly from metallic lithium is accompanied by the forma- 
tion of undesirable by-products. For example, pcrylene appears as a 
contaminant in preparations of a-nnphthyllithium.- Ot cr “js )c 
unidentified substances are formed in 0-naphthyllithium nnd p- ip icnj - 
lithium preparations.*- 1 These troublesome by-products, which often 
cause difficulty in the isolation nnd purification of the ina reac ion 
products, can be largely avoided when the organolithium compoum is 
prepared by the halogen-lithium intereonvcrsion method. &ome 
halides that do not react at all successfully with lithium metal *** * 

undergo halogen-metal interconversion to yield the m . ‘ 

lithium compounds. Among this group may be men ionc< v 

benzotrifluoride," 2-bromobcnzofuran ,** various halides of pyrvlu* 
nnd quinoline, *•« l-brom(v3,4-dimcthoxydibenzofuran. a number . 
carbazole halides,* O-broraophenanthrcnc,” and many ot lcr3 ' ... 

An aromatic compound containing two or more or ' ' 

4,6-dibromorcsoreinol dimethyl ether- or 4^bwmodvh«^«. 
may react with one equivalent of an organolithium 
trolled conditions so that only one of the halogen a oms • 
lithium. Asymmetrical polyhalides such as 2^<hbromoto! J 

yield a mixture of isomeric mono-intcrconversion produc s. 

0 ^\nr S'SCOtll 
Rr ru-r co, f |l l + t |' 

CHl H* HOiC^JciI, Iir %^ C u * 

When an excess of organolithium compound | s u«ed. ^«th 

of an aromatic dihal.de may be replaced by lithium for example. 

- Gilm ■>» and Brannra. /. •<"- CV-. S~. «. «7 »»•’>• 

B Gilman, Dunn. and Pnnn«i. unpuW^l 

— Cilmu. „,l .(-■ 0~ ». 

■ „,i ...... J. <■*.- ^ L , n. hot iw. 

T Murray. Frarman. and l-an*ham. J. . Mi 3 i* ( 

a Cilmu. SavJoirakj. and Brown. J- ■*"_ iiaio' 

• W nil* and pwkflm B<r~ n. SI (tOT 5 *- 
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4,6-dibromoresorcinol dimethyl ether reacts with two equivalents of 
phenyllithium to form the corresponding 4,6-dilithium compound. 30 


2CeHsLi 


CHaO^^jOCHs 

Btl^Br 


CH 3 Oj^ v jjOCH 3 


The reaction of 2,8-dibromodibenzofuran with two equivalents of n- 
butyllithium followed by carbonation yields 2,8-dibenzofurandicar- 
boxylic acid. 31 



An ether linkage in the orlho position has a strong activating effect 
upon and halides, causing them to undergo interconversion more readily. 
In the reaction of 2,4,6-tribromoanisole with excess n-butyllithium only 
the two ortho bromine atoms are replaced. 18 

OCHj OCH 3 

Brr^NBr Li^^Li 
2?2-C4HgLi + I ]j — > 1 jj 

Br Br 


Similarly, the reaction of 3,3',o,5'-tetrabromo-2,2'-dimcthoxybiphenyl 
with phenyllithium followed by carbonation yields 5,5'-dibromo- 
2 ,2'-dhnetho.\y-3,3'-biphenvldicarbox3’lic acid. 33 


2C t H 5 Li + 



lIalogcnatc<l phenols < - 33 and thiophenols 31 are easily converted to 
the corresponding lithium compounds by reaction with n-butyllithium. 

on 


2n-C«1I»Li -t , 

2n-C,lld-i -f 


OLi 

. f - 0 Li 

Br 


+ >i-C 4 H I0 -f n-C«H»Br 


TI - ,J ! + n-C.H.o + ».-C,II,Br 
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ble otherwise. At —35°, 3-bromopyridine reacts with n-butyllithium 
to yield 3-pyridyllithium. 15 - 27 ^ ^ 


Ti-CzHcLii 




Likewise bromo- and iodo-quinolines 6>55 may be converted to the 
quinolyllithium analogs by reaction with n-butyllithium at —35°. In 
these reactions it is essential to use low temperatures and short reaction 
periods. At higher temperatures secondary reactions predominate, 
particularly addition of the organolithium agent to the azomethine 
linkage. 

Halogen-metal interconversion is not restricted to aryl halides. Ali- 
phatic iodides and bromides and even some chlorides are subject to the 
reaction. At low temperatures either combination, n-butyllithium- 
ethvl iodide or ethyllithium-n-butyl iodide, undergoes reaction to fonn 
an equilibrium mixture containing all four components. 10 

«-C<H 9 Li -r C-H=I «r* n-C-HsI -f C.HjLi 

Phenylethynyl bromide and chloride react with n-butyllithium to yrield 
phenylpropiolic acid after carbonation. 14 

co- 

n-C<H s Li -r C t H s C=CCl CeH s C=CCO.H 


The reaction of an organolithium compound with benzyl bromide 16 or 
benzyl chloride 23 appears to yield benzyllithium as an intermediate 
product, but this rapidly decomposes under the reaction conditions 
(see p. 350). In petroleum ether solution the reaction of g-bromo- 
styrene with n-butyllithium followed by carbonation gives cinnamic 
acid. In diethyl ether the reaction takes a different course, and the only 
product isolated is phenylpropiolic acid, ls which probably arises as 
indicated in the following sequence of reactions. 


*-C {H *Ii -r CfHjCH=CKSr *— | 


> CiHtCH=CEIi CvH;CI'=CHCO-H 

ril*r H“ 

Eibs- CO* 

> :c<HsC=ch] > c*HiC^CLi — c<HiC=cco ; e 


SIDE REACTIONS 

As previously pointed out it is often possible to avoid or at least 
minimize interfering side reactions by conducting certain halogen-metal 
intcrconversions at low temperatures and for short periods of time. 

25 Guram end Haubein, J. A n. Cf^n. Soc 66 , 1515 ( 1544 ). 
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In other cases a relatively long reaction period may be desirable. For 
example, the best yields of p-hydroxyphenyllithium are obtained by 
heating n-butyllithium and p-bromophenol in ether solution under 
reflux for one and one-half hours or longer.” Even with a careful 
selection of experimental conditions it is occasionally difficult to avoid 
certain side reactions. 

The meia and para brominated anisoles have been observed to undergo 
hydrogen-lithium exchange in some cases in preference to halogen-metal 
intercon version. 1 * 


,iLi 

j + c,tr, 


Similar hydrogen-lithium exchange reactions with 2-bromodibenzo- 
furan 49 and 3-bromodibenzofuran 11 are on record It is significant that 
side reactions of this type are favored when the metalating agent is an 
aromatic lithium compound like phenyllithium and when the reaction 
is allowed to proceed for a long period of time. By using excess n-butyl- 
lithium and a short reaction period it is possible to obtain good yields 
of the expected halogen-metal interconversion products from the 
halogcnated anisoles and dibenzofurans. 41 

The organ ometallic compounds of tin, 4! lead, 42 mercury,*' 45 thallium, 4 * 
bismuth, 44 and certain other metals react with organolithium compounds 
in such a way that a metal-metal exchange takes place. Generally this 
metal-metal interconversion is more rapid than the halogen-metal inter- 
conversion.* The reaction of n-butyllithium with di-p-bromophenyl- 
mcrcury, for example, yields only di-n-butylmercuiy and p-bromo- 
phenyllithium. 

2n-C,H,Li + a 0“ H 'T Dor ^ + ^0“ 

It has not been possible to use the halogen-metal interconversion method 
to prepare an organolithium compound which also contains mercury, 
lead, tin, or other such metal. 

The products of many halogen-metal interconvcrsion reactions are 
unstable. Phenyllithium reacts with ethylene dibromide to yield 

40 Gilman. Cheney, and Willis. J. Am. Ckem Soe., 61, 051 (1939). 

41 Gilman, I-angham, and Willi*. /. Am Chcm. Soe., 62, 316 (1640). 
u Gilman, Moore, and Jones, J. Am. Chem Soc , 6S, 21S2 (1911). 

“ Gilman and Jones. J. Am. Chem. Soc , 63, 2357 (1940) 

44 Gilman, "Yablunky, and Svigoon, J. .tn. CAna Soe., 61, 1170 (1939). 
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bromobenzene, ethylene, and lithium bromide / 5 The / 5 -bromoethyl- 
lithium that may be formed probably decomposes in accordance with 
the accompanying reactions. 

C 6 H 6 Li + BrCH 2 CH 2 Br -> C c H s Br + [BrCH 2 CH 2 Li] -» C 2 H 4 + LiBr 

Somewhat similar reactions take place between phenyllithium and 
ethylene iodide, ethylene chlorobromide, /5-iodoethyl methyl ether, and 
l, 2 -dibromocyclohexane .' <5 In each reaction bromo- or iodo-benzene 
is formed, but the new organolithium compound which also may be 
formed promptly decomposes. 

An interesting rearrangement occurs during the reaction of n-butyl- 
lithium with 3-bromobenzofuran at room temperature. Interconversion 
is followed by opening of the furan ring to yield, subsequent to hydroly- 
sis, o-hydroxyphenydacetylene . 25 



By conducting the reaction at a low temperature and for a short period 
of time followed by carbonation it has been possible to isolate the ex- 
pected 3-benzofurancarboxylic acid . 25 

The reaction of an organolithium compound with an organic halide 
to form a coupling product, Bit', and lithium halide sometimes takes 
place in preference to halogen-metal interconversion. An example is 
the reaction of phenyllithium with o-chloroanisole to yield o-methoxy- 
biphenyl and lithium chloride . 17 

OCH 3 OCII 3 

CeHjLi -J- J_|j — » l_ 1] f jj + LiCl 

During the reactions of organolithium compounds with benzyl chloride 23 
or benzyl bromide 16 there is good evidence that benzyllithium is formed 
intermediately, but it rapidly undergoes coupling so that the final 
products are lithium halides and bibenzyl or R-benzyl. These secondary' 
coupling reactions may take place to some extent in many if not all 
halogen-metal interconversion systems. When the last stage of the 

° Wittig and Harborth, Ber. t 77, 30 G (1944). 
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reaction, i.c., the reaction of R’U with the final reactant, requires a 
relatively Ion# time, n significant part of the Jl’U may he used up fa 
coupling with RX. This may constitute a serious ilrawback in certain 
in torcon version reactions. 


EXPERIMENTAL CONDITIONS 

Tlirrc steps nre involved in the halogen-metal intcrconvcrsion reac- 
tion: (I) the preparation of on organolithium rompound, usually n-butyl- 
lithium, from lithium metal and an organic halide; (2) the interaction 
of the Rl.i compound with a second organic halide R'X to yield It’Li; 
ami (3) the reaction of the newly formed R'Li with the final reactant 
to yield the de-ired end product. Generally the** three steps can be 
carried out in succession in the same apparatus. Organolithium com- 
pounds are prepared and bandied in much the same way as the well- 
known Grignord reagent* They arc extremely sensitive to air and to 
moisture. Therefore, the apparatus must be thoroughly dry, and an 
inert atmosphere must lie maintained at all times. The conventional 
three-necked flask is ordinarily used as the reaction vessel. It is provided 
with a reflux condenser, a gas-tight mechanical stirrer, and a dropping 
funnel. Dry nitrogen gas serves ns a most satisfactory inert atmosphere. 
Dither a slow stream of the gas may be passed through the apparatus, 
or the outlets of the apparatus may be connected to a reservoir of the 
gas under a slight positive pressure. 

The most commonly used solvent for reactions involving organo- 
lithium compounds is diethyl ether. It must be dry and free of ethanol. 

A satisfactory product is obtained by allowing commercial anhydrous 
ether to stand over metallic sodium. Petroleum ether (boiling range 
30—10°) is particularly useful for certain reactions. It is best purified 
by shaking with sulfuric acid to remove unsaturated materials and then 
drying first with calcium chloride and finally with metallic sodium. 

Alkyllithium compounds, with the exception of methyllithium, react 
slowly with ether to form hydrocarbons and lithium ethoxide. 

ru + c.ii»oc,H, -* RCiir, (or nil + cvr.) + Lioc,ir, 

Therefore, ether solutions of these compounds should be used soon after 
they arc prepared. They cannot be stored for more than a few hours at 
room temperature without undergoing serious deterioration. The rate 
of this reaction of organolithium compounds with ether is markedly 
influenced by temperature. Ether solutions of n-butyllifhium appar- 
ently can be kept for four days or longer " without significant decomposi- 
“ Gilmnn, Red, Brnnoen. Bullock, Dunn, and MiUer, J. Am. CHem. Soe., 71, 1409 (1949). 
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lion if the temperature is maintained at or below 10°. The yield of an 
approximately 0,5 1 If preparation of w-butvllithium freshly prepared 
from 7!-butyl bromide and lithium metal in ether may vary from about 
40% to 90%, depending upon the temperature at which the reaction is 
conducted. The higher yields are obtained at lower temperatures 
(—10° or below). 45 In low-boiling petroleum ether the alkvllitliium 
compounds have been prepared in yields up to 90%.* Furthermore, 
these preparations are stable, and they can be stored for reasonably long 
periods of time. The aryllithium compounds like phenyllithium are 
obtained in yields of 90% or more from metallic lithium and and bro- 
mides. They are relatively stable in ether solution. 

In carrying out the interconversion step it is often desirable to add 
the RLi compound to the organic halide, R'X. This order of addition is 
especially recommended when the halide, R'X, also contains an active 
hydrogen atom; otherwise part of the newly formed R'Li may be con- 
sumed in secondary reactions. This is illustrated by the accompanying 
sequence of reactions. 4 Reaction I generally proceeds more rapidly 


n-C<H,Li -f 


n-CJIsLi + 


1 U 

■OLi 



jdJr 

O-' 0H 

i Br 

'OLi 

| Br 

OH 





(1) 

(ID 

(HD 


than reaction II. When II is under way there are contained in the 
mixture two organolithium compounds, n-C 4 H 9 Li and 0 -LiC’oH-sOLi. 
Part of the latter may then be destroyed by entering into reaction III. 
Accordingly, the n-butyllithium is added to the o-bromophenol and 
reaction I goes to completion before reaction II begins. 

Solutions of organolithium compounds may be measured and trans- 
ferred from one reaction vessel to another with large pipets. These are 
conveniently filled by. means of rubber aspirator bulbs. 


EXPERIMENTAL PROCEDURES 

Preparation of n-Butyllithium, 45 In a 500-ml. three-necked flask- 
equipped with a stirrer, a low-temperature thermometer, and a dropping 
funnel is placed 200 ml. of anhydrous ether. After the apparatus has 
been swept with dry, oxygen-free nitrogen, 8.6 g. (1.25 gram atoms) of 
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lithium wire (or any other convenient form of lithium metal) 11 is cut 
into small pieces which are allowed to fall directly into the reaction flask 
in a stream of nitrogen. Tilth the stirrer started, about 30 drops of a 
solution of 6S.5 g. (0.50 mole) of n-butyl bromide in 100 ml. of anhydrous 
ether is added from the dropping funnel. The reaction mixture is then 
cooled to — 10° by immersing the flask in a Dry Ice-acetone bath kept 
at about —30° to —40°. The solution becomes slightly cloudy and 
bright spots appear on the lithium when the reaction has started. The 
remainder of tho n-butyl bromide solution is then added at an even 
rate over a period of thirty minutes while the internal temperature is 
maintained at — 10°. After addition is complete the reaction mixture 
is allowed to warm up to 0” to 10° with stirring during one to two hours. 
The reaction mixture is then filtered under an atmosphere of nitrogen 
by decantation through a narrow tube loosely plugged with glass wool 
into a graduated dropping funnel previously flushed with nitrogen. 

The yield is 80% to 90%, and this is determined as follows;” A 
5- or 10-ml. aliquot of tho solution is withdrawn by means of a pipet 
connected to a rubber suction bulb, and hydrolyzed by adding to 10 ml. 
of distilled i rater. This is titrated with standard acid to determine the 
total alkali, using phenolphthalein as indicator. A second 5- or 10-ml. 
aliquot is withdrawn and run into a solution of 10 ml. of anhydrous, ether 
containing 1 ml. of benzyl chloride. Tho mixture is allowed to stand 
for one minute after the addition and is then hydrolyzed with 10 ml. of 
water and titrated with standard acid. Care must be taken not to 
overstep the end point since the aqueous fayer becomes decolorized 
before the ether layer. To overcome this the mixture should be shaken 
vigorously near the end point. The second titration determines the 
alkali present in the form of compounds other than n-butyllithium. The 
difference between the two titration values represents the concentration 
of n-butyllithium. 

Preparation of Phenyllithium. 47 A 2-1. three-necked flask is provided 
with a gas-tight stirrer, n dropping funnel, and a reflux condenser. In 
the flask is placed 500 ml. of anhydrous ether. The apparatus is flushed 
with dry nitrogen gas, and 29.4 g. (4.2 gram atoms) of lithium metal 
(conveniently in the form of wire) is cut into small pieces u and allowed 
to fall directly into the flask. About 40 drops of a solution of 314 g. 
(2.0 moles) of bromobenzene in 1 1. of anhydrous ether is then added at 
room temperature. A slight cloudiness appearing in the ether solution 
after about three minutes indicates that the reaction has started. The 
addition of the bromobenzene solution is continued at a moderate rate 
until vigorous refluxing begins, and then the reaction flask is gradually 

° Gilman and Milter, unpublished results. 
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immersed in an ice bath while the rate of addition of the bromobenzene 
is regulated so that refluxing is maintained. The reaction mixture musi 
not be allowed to cool below the reSuxing temperature at any time, and 
for small preparations a cooling bath should not be used. Toward the 
end of the addition the cooling bath is removed and stirring is continued 
until refluxing stops. The preparation requires about two hours. The 
solution is decanted under nitrogen through an L-shaped glass tube 
loosely plugged with glass wool into a graduated dropping funnel which 

been previously flushed with nitrogen. To determine the concentra- 
tion a small measured aliquot is hydrolyzed with distilled water and 
titrated with standard acid, using phenolphthalein as indicator. The 
yield by this procedure and by this analysis is 95 - 99 %. 

2-(m-TrifiUoromethylphenyl)quinoline.- ; A solution of 62.5 g- 
(0.29 mole) of m-trifluoromethylphenyl bromide in 100 ml. of anhydrous 
ether under a nitrogen atmosphere is cooled in an ice bath. With stir- 
ring, a solution of 0.30 mole of n-butyllithium in 3S0 ml. of ether is 
added during one hour. The resulting solution of OT-trifluoromethyl- 
phenyllithium is added during one hour to a stirred solution of 25.S g. 
(0.2 mole) of quinoline in 50 ml of ether. After being heated under 
reflux for two hours, the mixture is poured upon 200 g. of ice. The ether 
layer is separated and mixed with 25 ml. of nitrobenzene. After removal 
of the ether by distillation, the residual liquid is heated under reflux 
for twenty minutes and then distilled under reduced pressure to yield 
37.2 g. (65%) of 2-(m-trifiuoromethylphenyl) quinoline which boils at 
142-14471-2 mm. 

Heating with nitrobenzene serves to oxidize the intermediate 2-(7n-in- 
ffuoromefhylphenyl)-l .2-dihydroquicoline to the desired 2-(m-irifiuoro- 
methylpb.enyl)quinoline. 

2 ,4,5-T riph enyl-3-furan carboxylic Acid.'- 3 A solution of 3.75 g- 
(0.01 mole) of 2,4.5-triphenyl-3-bromofuran in 50 ml. of warm ether is 
added rapidly to a solution of 0.02 mole of r.-butyllilhium in 50 ml. oi 
ether. The mixture is stirred for thirty* minutes at room temperature 
and then poured on about 50 g. of crushed, solid carbon dioxide. After 
evaporation of the excess carbon dioxide, the mixture is extracted with 
50 ml. of dilute aqueous potassium hydroxide solution. The aqueous 
solution is acidified with hydrochloric acid to precipitate 2.7 g. of crude 
2.4,-5-triphenyl-3~iurancarboxylic acid. The product is recrvstallized 
from glacial acetic acid. There is obtained about 2.2 g. ( 65 % yield) of 
pure arid melting at 2.57-25S 3 . 

Fnenyl-di-( p-amin oph enyl) are enl c.'- ■ To a solution of 0.3 mole 
of n-butylliihium in 500 ml. of ether is added 17.2 g. (0.1 mole) of 
p-bromoaniline. After nine minutes a solution of II. I g. (0.05 mole) 
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of phenylarsenic dichloride in 50 ml. of ether is added dropwise during 
a period of five minutes. The mixture is heated under reflux for one 
hour and then hydrolyzed by the dropwise addition of 10% hydrochloric 
acid solution. The aqueous layer is separated and treated with sodium 
hydroxide solution to precipitate the phcnyl-di-(p-aminophenyl)- 
arsenic. After crystallization from 50% ethanol, the product melts 
at 69°. The yield is about 11 g. (65%). 

Triphenyl-o-hydroxymethylpbenyUead. 1 * A solution of 0.30 mole of 
n-butyllithium in 415 ml. of ether is added during fifteen minutes to a 
solution of 28.1 g. (0.15 mole) of o-bromobcnzyl alcohol in 75 ml. of ether. 
After the resulting solution has been stirred for one-half hour, 56.9 g. 
(0.12 mole) of solid triphcnyllead chloride is added as rapidly as possible 
with rigorous stirring. The reaction mixture is then immediately 
hydrolyzed by pouring onto iced ammonium chloride solution. The 
solutions arc filtered from a little impure tetraphenyllead. The ether 
layer of the filtrate is separated and dried over sodium sulfate, and the 
ether is distilled. The last traces of ether and some octane (formed by 
coupling during preparation of the n-butyllithium) are removed by 
heating on the steam bath under vacuum. The partially solidified 
residue is boiled with 200 ml. of absolute ethanol, and the solution is 
filtered from a little insoluble material (impure triphcnyllead chloride). 
The filtrate is cooled to give 26 g. (40%) of triphenyl-o-hydroxymethyl- 
phenyllead, melting at 133-136°. A further 20 g. (30%) of less pure 
product is obtained by distilling some of the ethanol from the mother 
liquor and diluting the remainder with water. The melting point of 
the pure product, obtained by crystallization of some of the first fraction 
from a mixture of benzene and petroleum ether (b.p. 60-68°), is 134- 
136°. 

2,5-Thiophenedicarboxylic Acid. 11 To a solution of phenyllithium 
prepared from 0.05 mole of bromobenzene is added with stirring 3.5 g. 
(0.01 mole) of 2,5-diiodothiophcne in 20 ml. of ether during a period of 
ten minutes. After stirring for an additional ten minutes the mixture 
is poured onto 40 g. of crushed, solid carbon dioxide. After evaporation 
of the carbon dioxide the mixture is extracted with dilute sodium 
hydroxide solution and the aqueous layer is acidified to yield 0.9 g. 
(53%) of 2,5-thiophenedicarboxylic acid. The acid sublimes at 150-300°; 
its dimethyl ester melts at 145-146°. 

P-Bromophenyltrimethylsilane. <s p-Bromophenyfiitlnum is prepared 
by adding a solution of 0.132 mole of n-butyllithium in 275 ml. of ether 
to 33 g. (0.14 mole) of p-dibromobenzene dissolved in 60 ml. of dry 

w Metatrom, doctoral dissertation, Iowa State College, 1943. 

“ Gilman and Melvin, unpublished results. 
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ether. After this mixture has stood at room temperature for about 
thirty minutes, a solution of 13 g. (0.12 mole) of trimethylchlorosilane 
in 30 ml. of ether is added at such a. rate that gentle refluxing is main- 
tained. The solution is heated under reflux for two hours and is then 
poured into cold 2 N hydrochloric acid. The ether layer is separated, 
dried, and evaporated. Distillation of the residual liquid in vacuum 
yields 15-17 g. (55-61%) of p-bromophenyltrimethylsilane which boils 
at 74-76°/2.5 mm. 

Diphenyl-2, 4-dimethoxy-5-bromophenylcarbinol. J To 17.8 g. (0.06 
mole) of 4,6-dibromoresorcinol dimethyl ether under nitrogen is added 
0.06 mole of phenyllithium in 60 ml. of ether solution. After ten minutes 
a solution of 10.9 g. (0.06 mole) of benzophenone in 20 ml. of anhydrous 
ether is added dropwise. The thick mixture is well stirred and then 
hydrolyzed by shaking vigorously with water. The white crystalline 
carbinol is collected on a filter and reerystallized from glacial acetic 
acid; m.p. 193-194°. The yield is 22.3 g. (96%). 

TABULAR SURVEY OF HALOGEN-LITHIUM 
INTERCONVERSION REACTIONS 

An effort has been made to include in Tables I and II all the examples 
of halogen-lithium interconversion reactions that had been investigated 
up to 1950. In Table I are presented the reactions in which the organo- 
lithium compound formed from a halide and rz-butyllithium has been 
carbonated to yield a carboxylic acid. In Table II are listed the other 
halogen-lithium interconversion reactions. The yields of products given 
in the tables are usually' based upon one or two experiments, and there- 
fore it might be expected that the yields could be improved in some 
reactions. 
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id Vankwich, Iiotopic Carbon, p. 183. John Wiley & Bona, New York, 1949. 
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INTRODUCTION 

Thiazoles have become increasingly important in pharmaceutical, 
biochemical, and technical fields. Commercially important compounds 
that contain the thiazole ring are the mercaptothiazoles, which are 
valuable rubber accelerators, various “sulfa” and antitubercular drugs, 
the penicillins, and thiamin. Certain thiazole derivatives show great 
promise as intermediates in the synthesis of amino acids, peptides, and 
purines. This application has been discussed by Heilbron. 1 

As a consequence of the varied interest in the thiazoles, an extensive 
body of literature dealing with their syntheses and properties is available. 
This chapter su mm arizes information on the methods of preparation 
of the thiazoles but is restricted to those in which the thiazole ring is 
not part of a condensed system. Various reduced rings such as thiazol- 
idines and thiazolones are also omitted from consideration. 

In general, the methods of preparation of the thiazoles involve the 
use of substituted carbonyl compounds. The most valuable method is 
the reaction of thioamides with a-halo carbonyl compounds. It finds 
its greatest application in the synthesis of thiazoles containing alkyl, 
aryl, or heterocyclic substituents. Mono-, di-, and tri-substituted 
thiazoles in any combination can be prepared. Of great importance is 
the synthesis of a variety of 2-aminothiazoles, using thiourea and its 
X-substituted derivatives. A closely allied reaction (which will be 

1 Heilbron. J . CT ^ em . Soc ., 1949, 2099. 
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considered separately) is that between ammonium dithiocarbamate and 
a-halo ketones, which constitutes the best method for the preparation 
of the 2-mercaptothiazoles. 

A third preparative method for the thiazoles is the reaction of a- 
acylamino carbonyl compounds with phosphorus pentasulfide. This 
reaction, which is formally similar to the preparation of thiophene 
derivatives from 1,4-diketones (see Chapter 9), has not received the 
attention it appears to deserve. It is suitable for di- and tri-alkyl (or 
aryl) thiazoles as well as 5-alkoxy derivatives. 

Last will be considered the rearrangement of o-thiocyano ketones in 
aqueous solution which produces 2-hydroxythiazoles substituted in the 
4 or 4,5 positions. There is little information as to the scope of this 
reaction. 

Mention should be made of the preparation of "chrysean^ from hydro- 
gen sulfide and potassium cyanide, first carried out by V* allach.- The 
reaction was studied by Hellsing,* - 4-1 who suggested, without rigorous 
proof that “chrysean” was 5-amino-2-thiocarbamylthiazoIe (I). It has 


n t N C^JcSNH, 


since been shown that chrysean does indeed possess this structure. The 
mechanism by which it is produced is unknown. Attempts to obtain 
greater than a 15-20% yield have been fruitless.* - * - * 


THE REACTION OF THIOAMIDES AND a-HALO CARBONYL COMPOUNDS 
Scope and Limitations 

In the simplest general sense, the reaction of o-halo carbonyl com- 
pounds and tliioamidcs produces 3,4,5-trisubstituted thiazo es, as s own 
in the accompanying equation. When one or more of the R s is hydro- 


v— t>- 

1I,N R' — N 


RCIIX 
R'C^O 

* Wallmeh. Ber., 7, 902 (1S74). 

1 Hellsing. Brr., 32. 1497 (1S99). 

* Hellsing. Ber.. S3. 1774 (1900). 

* Helling. Ber., 36, 3546 (1903). icm (1617) 

* Erlenmeyer. Mengisen. and Prije, JM». CUm. Ada. 30, 1*65 (IW- 
1 Arnold and Scaife, J. Ckm. See.. 19*4. 103. 

* Arnold and Scaife, Bnt. pat. 569.221 [C. .4., * ' (1947)) 

* A™id, S™j., „d S,«r. Bril. p.t. 1C- <- l " > ™ 
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the corresponding bromo compound. 1 * -1 ’ In another variation, halogen 
derivatives of active methylene compounds are used. For example, 
3-chIoro-2,4-pentanedione produces 4-methyI-5-acetyIthiazole in 55% 
yield,”- 51 and halogen derivatives of acetoacetic esters furnish 4-methyl- 
5-thiazolecarboxylic acid esters in 50-75% yields. “• 22-29 
The use of simple thioamides other than formamide leads to 2-substi- 
tuted thiazoles. Reported examples are numerous. The reaction of a 
thioamide with chloroacetaldeliyde, or substances readily yielding the 
aldehyde, produces 2-alkyl (or aryl) thiazoles. For example, 2-methyl- 
thiazole can be obtained by reaction of thioacetamide with ethyl 
«,/3-dichIoroethyl ether ”, and 2-phenyIthiazoIe from thiobenzamide and 
the same dichloro compound.’ 1 If the aldehyde is replaced by a chloro- 
methyl ketone, 2,4-disubstituted thiazoles result. Thus, 2,4-dimethyI- 
thiazole is the product of the condensation of chloroacetone and thio- 
acetamide, 10 - 1, - so - ,s and 2-phenyl-l-ethylthiazole results from the reaction 
of ethyl chloromethyl ketone and thiobenzamide.’ 5 Trisubstituted 
thiazoles are obtained by the reaction of a thioamide with a higher 
»-halo ketone. This modification has been very widely used. As 
examples may be cited 2-phenyl-4,5-dimethyIthiazole, obtained from 
thiobenzamide and methyl o-chlorocthyl ketone in 65% yield,” and 
2,4 ,5-trimethyl thiazole, prepared from thioacetamide and methyl 
a-eh!oroethyl ketone.”-” The reaction of thioamides with a-chloro- 
aldehydes (other than acetaldehyde) yields 2,5-disubstituted thiazoles. 
Thioacetamide and a-chloropropionaldehyde thus yield 2,5-dimethyl- 
thiazole.”- 5 * 


» Research Corporation, Brit. pat. 472.459 [C. A.. 32, 140S (193S)], French pat. 803,495 

P '“ ktata LaSSL, «• » B s s . n. US (IMS) 15J9 

(1944)1. 

» Baumgarten, Domow, Gutschmidt, and Krehl. Ber . 75B, 442 (1912). 

“ Buchman and Richardson, J. Am. Chem. Soe., 67, 395 ( 19J 5) 

B Buchman and Richardson, J. Am. Chem Soe . 61, 891 (1939). 

“Erlenmeyer, Epprecht. and Meyenburg. H'h CA.m. Aefo. 20, 310 (1937). 
“Haiington and Moggridge, J. Chem. Soe 1939, 443. 

* Soo. pour l'ind. chim. & Bale. Ger. pat 65S.353 [C. A., 32, 4727 (1938)]. 


* Tomlinson, J. Chem. Soe., 1935, 1030 

r Ccrecedo and Tolpin, J. Am. Chem. Soe , 59, 1600 (1937)- 

* Buchman and Sargent. J. Am. Chem. Soe.. 67, 400 (1945). 

" Pr.ce and Picket, U. S. pat. 2,209,092 [C. ,4., S3. 141 (194DI 

* Hantiscb, Ber., 21, 942 (1SS8). 

"Hubaeher, Ann.. 259, 22S (1S90). 

“ Hantlsch, Ann., 250, 257 (1SS9). _ „ 

» Friedman, Sp.rH Mereddh, .ad Ad.m,. J - "■ ‘ 


“ Roublcff, Ann., 259, 253 (1890). 

* Hantesch, Ber., 23, 2339 (1S90). 

* McLean and Muir, J . Chem. Soe , 1912, 3S3. 
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Thioamides of dibasic acids produce symmetrically substituted 2,2 - 
bithiazoles, and the two heterocyclic rings are connected by the same 
group originally connecting the thioamide functions. DithioSxamide, 


/ CSNH, 

(Cn 2 ) n 4- 2RCOCHXR' 
ESNR, 



9 FTN -r 2II 2 0 


the simplest dithioamide, yields 4,4'-dimethyl-2.2'-bithiazole when 
treated with chloroacetone. 21 - 27 A polymer results if an a,a'-dihalo 
carbonyl compound is used. 

Thionurethans, ROCSNHo, produce 2-alkoxythi a zol es when treated 
with a-halo carbonyl compounds. 21 - 23 - 23 Neither this reaction nor the 
similar one in which thiooxamates react to produce esters of 2-thiazole- 
carboxylic acids u - <0 has been extensively studied. 

If an N-substituied thioamide is allowed to undergo reaction with an 
a-halo carbonyl compound, quaternary thiazolium salts result, some- 
times in quantitative yield. Thus, N-methyithioacetamide condenses 


RCHX S 

% 

-f CR" 

/ 

R'C =0 HN 

R"' 

vrith chloroacetone to furnish 2,3,4-trimethylthiazolium chloride in 
100% yield/ 1 and various thioformamidomethyipyrimidine derivatives 
condense with a-halo carbonyl compounds to give thiamin-like sub- 
stances. 

One of the most valuable of the modifications of the thioamide reaction 
is that using thiourea or its substitution products which affords 2-amino- 
thiazoles, usually in very good yields. Chloroacetaldehyde or various 
of its derivatives with thiourea gives 2-aminoihiazole itself. The yield 

~ Kirrer, Leirer. and Graf. Heir. Cf.im. Ada, 27, G24 (1944). 

a Schcnkct. Market, and Erlenrneyer. lid:, Chim. Ada, 27. 1-337 (1944). 

n Seh-scaneberc. inaugural dinxrrtaticn. Uni-rerarty of Lciprlg. Leipzzz. 1930 [C. A., 
3004 (1931)]. 

•-•Boor-.. Brit. pat. 540,994 {€. A., 37. 555G (1943)]: C. =. pat. 2.341.CS7 [C. -4- 3S 
43=o (19441]. 

c Todd. Bergrl. and Karirr.ulish. -Brr_ 69, 217 (1930). 
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using chloroacetnldehyde diethyl acetal may reach 92%. 43-,s Excellent 
yields of 2-aminothiazole can also be obtained from a,/9-dihaloethyI 
acetates and thiourea. 44 47 The halo esters are readily obtained by the 
reaction of the free halogen and vinyl acetate and can be used without 
purification. Phcnacyl chloride and thiourea furnish 2-amino-4-phenyl- 
thiazole in 90% yield. 43 Replacement of thiourea by a N-substituted 
derivative yields 2-alkylamino- (or arylamino)-thiazoles, and N,N- 
disubstituted thioureas furnish 2-dialkylaminothiazoIes. 


Mechanism 

Although no exhaustive studies of the reaction of a thioamide with 
an cr-halo carbonyl compound have been made, it appears that the first 
stage involves formation of a carbon-sulfur link by elimination of a 
molecule of hydrogen halide. In the second step, ring closure takes 


rchx 

HS 

\ 

•CR" -» 

RCH 

| 

— s 

| 

+ 

R'C=0 

CR” 

// 

R'C=0 

HN 

N 



H J 


place with the enolic form of the ketone, and a molecule of water is 
eliminated. The reaction as ordinarily carried out is exothermic, and 
there is no real evidence of a stepwise process. 




't)H IIN^ 


V* * "* 


There has been no report of the alternative possibility : loss of hydrogen 
halide by reaction of the halogen with a hydrogen atom bound to nitro- 
gen. If the reaction were to take such a course, the product obtained 
would be different from that actually isolated. The product of the 
° Fostovskit. KhmtlersVit, and Bednyagma, J- Avi*M CW UJSSR.. 17, 65 (1944) 


1C. 


39, 1410 (1915)]. 

“SWsture. Brit. pat. 540.032 (C. A.. 36, 413S(t94->J- S-IB \C A 

« Christiansen, U. S. pat. 2.242.237 [C. A.. 33. 55IS (1941)1: Brit. pat. 543.S48 [C. A.. 

“ Khmelevskil, Postovakit. and Bednjagina, U. S. S. R- pat. 64.. 32 (C. A , 40, 5.. 6 
0946)1. 

** Kyrides, U. S. pat. 2.330,223 [C. A.. 38. 1250 (»««)- . 1M4) , 

° Morrtn and DuPont. J. rSarm. fi'k . 1. UW2> l C A " ”• 3234 ( 

* Dodson and King. J. An- CArm. $<*.. 67, 2242 (1945). 
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reaction of an a-halo aldehyde with a thioamide is a 2,5-disubstituted 
thiazole, not the 2,4 isomer. The product from an a-halo ketone is a 
2,4- or 2,4,5-trisubstituted thiazole. Considerations similar to these arise 
in the preparation of the oxazoles by reaction between amides and a-halo 
carbonyl compounds. 49 

An interesting fact is that the reaction may be carried out without 
isolating the halo carbonyl compound by merely heating the thioamide 
with the ketone and a halogen. 48 The halogen may be dispensed with 
by substituting oxidizing agents such as sulfur trioxide, sulfuric acid, 
or nitric acid, which seems to indicate that the halogenated ketone is not 
necessary. 50 It should be noted, however, that the yields are much 
poorer. 

THE REACTION OF AMMONIUM DITHIO CARBAMATE AND a-HALO 
CARBONYL COMPOUNDS 

Scope and Limitations 

That 2-mercaptothiazoles can be prepared from ammonium dithio- 
carbamate and a-halo ketones was first reported in 1893 by Miolati. 
The general overall reaction may be written as in the accompanying 
equation. It is possible to prepare a wide variety of 2-mercaptothiazoles 

RCHX H 2 NCSNH, 

1 * 4 - 1 ! 

K CO S 

by using various types of halogenated ketones. Chloroacetone yields 
2-mercapto-4-methylthiazole, 5l ~ 55 and 2-chloro-3-butanone produces 2- 
mercapto-4,5-dimethylthiazole. 52 ’ S3 The reaction is also applicable in 
the aromatic series; phenacyl chloride or bromide yields 2-mereapto- 
4-phenylthiazole. 51 - M - S6 ’ 57 Complex groups can also be introduced. For 
example, 2-mercapto-4-methyI-5-(j3-acetoxyethyl) thiazole, a useful inter- 
mediate in the preparation of thiamin, can be obtained by reaction of 
ammonium dithiocarbamate and 3-chloro-5-acetoxj'-2-pentanone. 33,53 

a Wiley. Chem. Rert.. 37, 401 (1945). 
w Dodson and King, J. Am. Chem. Soc., 68, 871 (1946). 

51 Miolati, Gazz. chim. iial 231, 575 (1S93). 

Buchman. Reims, and Sargent, J . Otq. Chem., 6, 764 (1941). 
u Gibbs and Robinson, J. Chem. Soc., 1945, 925. 

M Levi. Gazz. chim. ilal., 61, 719 (1931). 
a Mathes, U. S. pat. 2.1S6.419 [C. A., 34, 3537 (1940)). 

** Ubaldini and Fiorgnza. Gazz. chim. ilal., 73, 169 (1943). 

57 Mathes, U. S. pat. 2,180,421 [C. A., 34, 3537 (1940)]. 

** H oilman n, LaRoche and Co. A--G-, Gcr. pat. 678,153 [C. A ., 33, 7S 19 (1939)]; Brit, 
pat. 492,637 [C. A., 33, 1760 (1939)]; Swiss pat. 196,649 [C. A., 33, 18S3 (1939)]. 
a Gravin, J. Applied Chem. U.S.S.R . , 16, 105 (1943) [C. A., 38, 1239 (1944)]. 
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No reaction using an a-halo aldehyde has been reported. The expected 
product would be a 2-mercaptothiazole unsubstituted in the 4 position. 

The value of the dithiocarbamate reaction as a synthetic tool is en- 
hanced by the fact that the thiol group can be replaced by hydrogen 
with hydrogen peroxide in the presence of a strong acid.**- 60 Thus 
2-mereapto-i-09-hydroxyethyl)-5-methyltIiiazoIe treated with hydrogen 
peroxide and hydrochloric acid yields chiefly 4-(8-hydroxyethyl)-5- 
methylthiazole and a small amount of 2-chl oro-4- (/3-hy droxy et hyl)- 
5-methylthia2oIe. 


uon 2 cii,ci 

EjC' 


a 


H*0« . HOII I CU t C r -N 

ua 


HOIIjCIIjCr; N 

HjClJci 


Mechanism 

The first product in the reaction of ammonium dithiocarbamate and 
the a-halo ketone is a substituted dithiocarbamate, which is formed with 
the elimination of a molecule of ammonium halide. Several such mter- 

H,NCSNH« + RCHXCOR' -» H,XCSCHCOR' + NH 4 X 

I SR 


mediates have been isolated by allowing the reaction to proceed for only 
a few- minutes in ether. Acetyl and phenncyl dithiocarbamate have been 
isolated in this way by Levi « and by Ubaldini and Fiorenza » The d,- 
thiocarbamate can be cyclized merely by heating, a transformation which 
can be looked upon as a double enolization followed by loss of water. 

R'C*=0 Nil* R'COII HN ^ R '| | + i I j0 

r£ji ^,g=s Rc^^csii itLg^sn 


The reaction between methyl dithiocarbamate and chloroacetone to 
give 2-mc t hy 1 1 h io-4-met hy 1 1 hia zole * ! must proceed by a different mecha- 
nism, since ammonium chloride cannot be split out in t e waj presen 
above. This conclusion is supported by the fact that, by contrast, th 
reaction is slow and the yield low. 


* Karrer and Sana. HcU. Chin. Acta, *6. 177S (1W3). 
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THE REACTION OF a-ACYLAMINO CARBONYL COMPOUNDS 
AND PHOSPHORUS PENTASULFIDE 


Scope and Limitations 


The reaction of 1,4-dicarbonyl compounds with phosphorus pcnta- 
sulfide to produce thiophene derivatives is well known. If one o e 


RCOCII 2 CH 2 COR' 


PjS tv 



methylene groups between the carbonyl functions is replaced bj an 
imino group, as in the acylamino carbonyl compounds, thiazoles re^u 


RCOCILNHCOR’ 

n 



As the equation is written, the product is a 2,5-disubstituted thiazo e. 
Acetamidoacetone, for example, yields 2,5-dimethylthiazole. 61 If or 
It' is hydrogen, a monosubstituted product results; thus formammo- 
acetophenone furnishes 5-phenylthiazole in 70% yield. 6 - 2,4,5-Trisu 
stituted thiazoles can be prepared by using a derivative of an acylamino 
carbonyl compound in which a methylene hydrogen atom is replace > 
an alkyl group. N-(a-Benzoylethyl)acetamide thus affords a 50% 3 ie 


R" 

ItCOCIEXHCOR' 



of 5-phenyl-2,4-dimethylthiazole. c:! Replacement of both hydrogen 
atoms eliminates the ability to form a thiazole. 62 The use of et 0 
esters (II, R = OC2H5) has been described. 63 The products are 
ethoxythiazoles. 

Although few yields have been reported, this reaction appears to e 
promising, especially for the preparation of thiazoles substituted vi 
hydrocarbon groups. It is possible that further investigation will resu 
in an extended usefulness. 


Mechanism 

There are two plausible routes by which a thiazole could be formed 
from an acylamino carbonyl compound and phosphorus pentasulfidc- 
In the first, the oxygen atoms of the carbonyl groups are replaced by 

“ Gabriel, Ber., 43, 12S3 (1910). 
a Bachstez, Ber., 47, 3163 (1914). 

“ Miyamichi, J. Pharm. Soc. Japan, No. 528, 103 (1926) [C. A., 20, 2679 (1926)]. 
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sulfur, and the' product undergoes cyclization by loss of hydrogen sulfide 
(A). In the second route, cyclization (by dehydration) occurs first; the 


(A) RCOCHjXHCOR’ 


(B) RCOCHjNHCOR* 


- RCSCHjNHCSR’^ RC=CH— X=CR' 

_ sh ns 



pentasulfide then reacts with the oxazole thus produced. The sequence 
A is preferable to B for two reasons. Phosphorus pentasulfide reacts 
but slowly with water ** and would therefore not be expected to a 
sufficiently strong dehydrating agent to form the oxazole •brectj . 
Second, in other reactions where oxazole formation could precede 
thiazole formation, no oxazole has been detected. A case in point is t e 
reaction of phosphorus pentasulfide with acetamide and chloroacetone 
Support for A can be found in the known conversion of amides or ketones 
to their tliio analogs by phosphorus pentasulfide. 


THE REARRANGEMENT OF a-THIOCYANO KETONES 
The a-thioeyano ketones are sensitive substances which isomerize to 
2-hydroxvthiazoles under a variety of conditions. 

The mechanism is believed to be that shown in the accompanying 

equation. 

RCOCHjSCN RCOCHjSCONHi ^ rRC=CHSC— OHl 

l OH HN J 
i 

RC NH Rf 

nc k-o =* HC con 

\ / 

s s 


Tlie rearrangement is carried out in an aqueous solution ® n ** ^ 
influenced by the presence of acids or alkalies Choice o j n 

is of great importance, for often several product? mav 1 
** Yost *nd Rus»U. SitemiUK CAr-Mfry. p. 1^3. -> 


S«hw»r». Orj. IS. 35 (IMS). 
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some instances excellent yields have been obtained under the proper 

Tlie paucity of examples in the literature makes it difficult to drav, a 
conclusion as to the generality of the reaction. It has been intensively 
studied, however, using thiocyanoacetone and thiocyanoacetopheno • 
With the latter compound, concentrated hydrochloric acid as 
hydrolytic medium enables one to isolate the intermediate phenacyltlno - 
carbamate, C 6 H 3 COCH 2 SCONH 2 . With dilute hydrochloric acid, a 
quantitative yield of 2-hydroxy-4-pheny]thiazole has been attained. 


EXPERIMENTAL PROCEDURES 

The Reaction of Thioamides with a-Halo Carbonyl Compounds 

The common method of carrying out this synthesis is to warm the 
reactants without solvent for a short time to initiate the reaction, 1 
thereupon proceeds spontaneously. External cooling may be neces^arv , 
for the reaction is exothermic. Often there is a considerable amount o 
frothing which necessitates a larger flask than might normally be Use 
A preferred process uses an inert solvent to aid in controlling the reactio 
Water or ethanol is most frequently employed, but the identity of t e 
medium is not important as long as it is inert. The aqueous suspen_io 
or ethanolic solution of the reactants is heated under reflux for se\ era 

hours. . , 

Since the heterocyclic nitrogen atom of the thiazole ring is basic, ® 
product is often obtained as the hydrohalide. The free base is rea 
produced, however, by use of alkali. The crude thiazoles are pun e 
by distillation under reduced pressure or by crystallization. The h ete ^ 
cyclic ring is quite stable thermally, and many high-boiling thiazo e=> 
may be distilled with safety. 

Preparation and purification of the thioamide (from the amide an 
phosphorus pentasulfide) is sometimes difficult. A modification intro- 
duced by Hromatka avoids isolation of the thioamide. It consists w 
heating a mixture of the amide, phosphorus pentasulfide, and the 
a-halo carbonyl compound . 10 - 67 Presumably the thioamide is forme 
first and then reacts. 

Because of the instability of the a-halo aldehydes, particularly the 
haloacetaldehydes, it is preferable to use some more stable derivatn e. 
Among these are the acetals , 32 - 54 - 47 - 43 - 65 - 69 -' 0 ethyl «,6-dichloroeth} 

« Arapides, .-Inn.. 249, 7 (1SSS). 

c Hromatka, Ger. pat. 670.131 ]C. .1.. 33, 2909 (1939)]. 

-Suter and Johnson, J. Am. Chem. Soc.. 52, 15S5 (1930); U. S. pat. 1,970,656 [C. -4~ 
50 (1934)]. 

Short and Kellv, Brit. pat. 55S.956 [C. .4.. 39, 4632 (1945)]. 

. 70 Lcitch and Brickman, U. S. pat. 2.230.962 [C. .4.. 35, 3270 (1941)]. 
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K.un.71 ft) j3-dichloroethyl acetate, u 47 and tribromoparalde- 

yde.'“ 

2 ,4-Dimethylthiazol e . Preparation of this compound by reaction of 
acetamide, phosphorus pentasulfide, and chloroacetone in benzene is 
described in Organic Syntheses by Schwarz. “ The yield of thiazole, 
boiling at 143-145°, is 41-45% based on the phosphorus pentasulfide 
used. 

4-Methyl-6-(p-hydroxyethyl)tbiazole. u A mixture of 9.5 g. of 
7-chloro-y-acetopropyl alcohol, 6.7 g. of crude thioformamide, and 3 ml. 
of ethanol is allowed to stand for three days at room temperature. An 
additional 3.0 g. of thioformamide is added portionwise during this 
period. The reaction mixture is then heated for one hour on the steam 
bath and after cooling is taken up in water. The aqueous solution of 
the thiazole salt is washed with ether and then treated with aqueous 
sodium hydroxide to liberate the free thiazole. The latter is taken up 
in ether, and the solution is dried over anhydrous magnesium or sodium 
sulfate. Filtration of the solution and evaporation of the filtrate pro- 
duces the crude thiazole, which upon distillation under reduce pressure 
yields 4.9 g. (50%) of pure 4-methyl-5-(0-hydroxyethyl)thiazole boiling 
at 93-9572 mm. The thiazole forms a quaternary methiodide, m.p. »y 

2-PhenyI-4,5-dimethylthiazole.“ Equimolar amounts of methjl 
a-chloroethyl ketone and thiobenzamide are heated with ethanol (5 m . 
for each gram of the thioamide) on a steam bath until the ethanol ha 
evaporated. Sufficient water is added to dissolve the crude thiazole the 
acid is neutralized, and the product is removed by solution m ether 
The ether solution is dried and filtered, and the ether is evaporated Th 
crude product is distilled under reduced pressure, an dthe^phcnj , 
dimethylthiazole distils as a straw-colored oil at I-G-12S /6 m . 

To a solution of 76 f fa 

140 ml of water 143 b ( 1.0 mole) of ethyl a, fWicbloroethyl ether. u 

the two layers gradually merge. The solution is heated for . » al »rt 
additional period and cooled, and sufficient a k i is a 
thiazole from its salt. Ether is added to dissolve tU praduct 
solution thus obtained is dried and filtered. t a P° oresenre of 

affords the crude 2-aminotliiarote, which is pi ' r° nearly 

some aldehyde main. Recystallitstion from ethanol 
quantitative yield of iominothia.ole. It crystallizes as yellow tablets, 
melting at 90°. 

„ ic «u (1924): Froe- JfatL Acad. Seu 

n Bogcrt and Cherteoff. J. Am. Ch^m. Soc.. 46, 2SH «*-«• 

V. S„ 10, 418 (1924). 

" Traumann, Ana.. 149, 31 (1SSS). 
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2 -Amino- 4 -methylthiazole. The preparation of this Mine, m.p. 
44-45°, is described by Byers and Dickey in Organic 
obtained in 70-75% yield by reaction of thiourea and ddoroaectone 

2-Amino-4-phenylthiazole. 4S To a slurry consisting of W&b 
mole) of acetophenone and 30.4 g. (0.4 mole) of thiourea m added 50.8 fr 
(0.2 mole) of iodine. The mixture is heated overnight on the 
bath in a closed vessel, then diluted with water, and heated ^ ^ 
until solution occurs. A small amount of sulfur is removed by filtration, 
and the filtrate is cooled and made alkaline with aqueous am 
The insoluble free thiazole is removed by filtration and crystalhze 
ethanol. The yield of 2-amino-4-phenylthiazolc melting at 14, is »Vo- 
Poorer yields are obtained using chlonne or bromine in place ot 


The Reaction of Ammonium Dithiocarbamate and a-Halo Ketones 

The reaction of ammonium dithiocarbamate and a-halo ketones is 
exothermic and is therefore almost universally carried out in a solven , 
a variety of which has been used. Ethanol is most common, mi 
water, 65 hydrocarbons, 74 ether, and isopropyl acetate 57 have been 
used. In general, the reaction is carried out by stirring the mixture o 
the dithiocarbamate and the a-halo ketone in the solvent at room tem- 
perature or lower, sometimes with slight warming to initiate the reaction. 
Once started, the reaction may proceed very vigorously, and unless a 
large volume of solvent is used external cooling may be desirable. ® 
yields vary considerably; the best reported (97%) has been obtaine 
with water. From this solvent, the mercaptothiazole precipitates as a 
white solid or an oil which shortly solidifies. If ethanol is the sob en , 
the product remains in solution and may be obtained by' evaporation 
of the ethanol or by addition of water. One recrystallization of cru e 
material from ethanol or ethyl acetate is usually' sufficient to produce a 
pure product. 

Equimolar quantities of the reactants should preferably be used. 
Excess halo ketone leads to reaction with the thiol hy r drogen of the 
product, and a thiazyl thioether results. To avoid this complication, 


H 3 C 



4- C1CH 2 C0CH 3 


H,C 



-N-HC1 

SCH 2 C0CH s 


111 


the halo ketone can be added gradually to the dithiocarbamate. If two 
moles of the halo ketone are used, the thioether results almost exclu- 


~ s Byers and Dickey. Org. Syntheses, Coll. Vol. 2, 31 (1943). 
71 Mathes, U. S. pat. 2,186,420 [C. A., 34, 3537 (1940)]. 
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sively at the expense of the mercaptothiazole. Thus, ammonium dithio- 
carbamate and two moles of chloroacetone in ether afford a good yield 
of the thioether III. 

2-Mercapto-4-methylthiazole. K To a flask surrounded by an ice 
bath and containing 71.5 g. (0.65 mole) of ammonium dithiocarbamate 
in 140 ml. of absolute ethanol is slowly added 60 g. (0.65 mole) of chloro- 
acetone. During the addition the sluriy is mechanically stirred or 
shaken vigorously. The flask is removed from the ice bath, allowed to 
stand at room temperature for twelve hours, and heated one hour on 
the water bath. The ethanol is then removed by distillation. Addition 
of water to the oily residue and shaking induce crystallization. The 
yield of substantially pure material is 51.5 g. (85%). Recr3-stallization 
from a diisopropyl ether-ethanol mixture yields a purer product, m p. 
88.0-88.5°. 


The Reaction of 


a-Acylamino Carbonyl Compounds and Phosphorus 
Pentasulfide 


The procedure consists in heating an intimate mixture of on excess of 
phosphorus pentasulfide and the acylamino carbonyl compound at 
100-170° until foaming (evolution of hydrogen sulfide) ceases. Usually 
only a short time is required. The crude thiazole is treated with aqueous 
alkali or acid to remove excess pentasulfide. After neutralization of the 
acid present, isolation is accomplished by steam distillation or y 
filtration, if the product is a solid. 

5-Phenylthiazole." A mixture of 1 g (0.0001 mole) of a-formamino- 
acetophcnone and 1.5 g. (0.0060 mole) of phosphorus pentasulfide » 
warmed on a water bath for ten minutes, at which time foaming shou 
ha\e ceased. To the dark brown mass, water is added re destroy any 
excess pentasulfide. The mixture is then acidified with hydrochloric 
acid and filtered. The filtrate is made just alkaline with aqueous sodium 
hydroxide, and the thiazole is distilled in steam. It solidifies on cooling 
to small, iridescent leaflets, m.p 45-16°. The yield of 5-phenylth, azole 
is 0.6 g. (70%). 

The Rearrangement of a-Thiocyanoke tones 

The necessary starting materials are best prepared by {ttcjiof". 
a-halo ketone with barium thiocyanate.”-” Alkali metal thioejan 

w Itant.seh, B<t., 60. 2537 <1927). 

* lUntlxh. Brr . 61. 1776 (192$). 

"Ttherniac, Ber . 61, 574 (192S). 

" Tchettuac and Helton, B<r., 16. 34$ (1SS3). 
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»Ld somcufat Immr yield,; ummooimu tU«^ 

used, for it causes partial rearrangement of the ketone and torm 

of a 2-aminotbiazole. hvdroxvthiazole is 

Rearrangement of the thiocyanoketone to the 2-h • ^ tk . ction of 

carried out in aqueous solution, either acid.c or alhuhn - 

„ VivHrnlvtic <>-ent is of great importance in order to proem 
formation rf undesirable by-products. Aqueous M 
vields a considerable amount of the 2-ammothiazole m addition t ^ 
nroduct= Dilute hydrochloric acid or sodium bicarbon <• - 

to bo a fairly tmrtv.-orthy hydrolytic medium. BceauK o. the 

sohtbilhv of the lower-molecular-, vcight 2-hydroay-thmole, 

' obtained bv exhaustive extraction with ether. _ 

Several 2-hvdroxrthiazoles have been prepared without isolating 
tlu^noketone Because of the lack of yield data, it is difficult 
to assess the relative merits of the two modifications. 

2-Hydroxy-4-methyIthiazol e . (a) •' A solution of o.O g. ( 

of tffiLaSacetone in 100 ml. of water is heated on the water bath 
with 15 ml. of 2 X hydrochloric acid for two hours. The cooled- 
is extracted six times with ether. The ether solution is dned 
bvdrous calcium chloride and filtered. Evaporation of the e J . 

16 c (72%) of crude 2-hvdroxy-4-methyltbiazo!e. Additional e.M - 
tions" with ether enhance the yield. Recrystallization of the crude 
material from ligroin yields 3.0 g. (60%) of pure product, m.p. 10- • 

(b) n To a suspension of 92.5 g. (1.0 mole) of chloroacetone in ° - 
water are added 125 g. (1.29 moles) of potassium thiocyanate (o 
104 5 g . of the sodium salt) and 30 g. of sodium bicarbonate. m 
mixture is shaken from time to time during a period of ten day=. - 
brown resin is gradually deposited; it is removed by filtration, an t 
filtrate is heated to 45”. After addition of 20 g. of decolorizing charcoa 
the suspension is allowed to cool for two hours with frequent shaking^ 
It is filtered and extracted exhaustively with ether in a liquid-Hqui 
extractor. There is thus obtained 47 g. (41%) of 2-hydroxy-4-methy - 
thiazole. m.p. 103-104 c . some of which crystallizes and some of whicn 
obtained by evaporating the ether solution. 


TABULAR SURVEY OF THIAZOLES 

The following tables list methods of preparation which have appeared 
in the literature through 1946. A few later references have also been 

n a=d Wertphal U. S. pad. 2.130,570 [C. A _ 33, 22S7 {1033;]. 

r lg. Ts-b g—fa strig A--G-. Brit. pVL 455,751 [C. A- 31, 2232 (1S37.|I- 
<- =--- J. Cfs—.. Sc<^ 115, 1071 (19157- 
= tt— and Weber. Bcr^ 20, 311S, 3330 (ISSTj. 
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included. No specific notation of method is presented, since it will be 
obvious from the list of reactants. A few instances are included where 
no thiazole was obtained; these are usually cases in which some other 
investigator has reported a successful synthesis. Attention is drawn 
to the fact that many individual thiazoles can best be prepared from 
other thiazoles rather than bj r direct cychzation Therefore, the methods 
shown are not always the best preparative methods. 
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Experimental Procedures ,' a ' 

Methyl d/-4-Bcnzamido-3-ketotetrahydrothiophene-2-carboxyIat.e (bo- 
Ethyl3-K^2-(4'-methoTybutyI)tetrahydrothiophe n e-4-carbox y late 

2-(4'-Methoxybutyl)-3-ketotctrahydrothiophene . • • ■ • • 

Table VIII. Tetrahydrothiophenes by the Dieckmann Cy _ 

Reaction 

Tetrahydrothiophenes by Catalytic Methods . - - • ■ • • ’ , 

Table IX. Tetrahydrothiophenes by Catalytic Methods. . - • — 

Tetrahydrothiophenes by Miscellaneous Methods , 

Table X. Tetrahydrothiophenes by Miscellaneous Methods 


INTRODUCTION 

Thiophenes and tetrahydrothiophenes are discussed 
subdivisions of this chapter because there are signi can 
the general methods by ivhieh these two similar types of comp™ nd « 
prepared. The review is not extended to foe ude nU «,»« torn 
thiophene or tetrahydrothiophene rings fused to ano , ’ 

bensothiophene, or reaction, involving snbst.tut.ons m the five-mem 
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SS=3.f— “1— 

19 Thf reSo^Sead to the formation of thiophenes may be segre- 
gated into the following five general classifications: 

I. Reaction of 1,4-difunctional compounds with sulfides. 

TT Reaction of unsaturated compounds with sulfides.. 

III. Reaction of 1,2-difunctional compounds with thiodiacetic ac 

esters. 

IV. Reaction of aryl methyl ketones with sulfides. 

V. Miscellaneous cyclization reactions. 


Similarly, the reactions that form tetrahydrothiophenes may be 
grouped into the following four general classifications: 

I. Reaction of 1,4-difunctional compounds with sulfides. 

II. Dieckmann cyclization reaction. 

III. Catalytic methods. 

IV. Miscellaneous methods. 

Discussion of these various types of syntheses follows in the order of 
their listing above. 


PREPARATION OF THIOPHENES 

Thiophenes by Reaction of 1,4-Difunctional Compounds with Sulfides 

The synthesis of thiophenes from 1,4-difunctional compounds is 
typified by the classic Volhard and Erdmann synthesis of thiophene 
itself from sodium succinate (I) and phosphorus trisulfide. *' 1,5 When a 
mixture of these reactants was heated in a retort over a free flame, a dar 
brown distillate was formed which contained thiophene. 1>2 - 3 The cru e 
product was purified by digestion over sodium hydroxide, followed bj 
distillation from sodium, and a 25-30% yield of thiophene (II) " a * 
obtained. 3 The method is primarily useful for the synthesis of alkyl- anc 

* There is confusion in the literature as to the exact nature of the sulfides of phosphoru-. 
The commonly mentioned phosphorus trisulfide P*S 2 does not exist; the product of re^ 
tion between red phosphorus and sulfur assigned this formula is probably impure P<- 
The phosphorus pentasulfide P 4 S 10 is often written P?S* for convenience. In this reMC" 
the designations employed in the original literature are used. 

The phosphorus sulfides may be prepared in the laboratory (see ref. 3), or they flre 
available from the Oldbury Electro-Chemical Co., Niagara Falls, New York. See Pernert 
and Brown, Chcm. Eng. AYtra, 27, 2143 (1949). 

1 Volhard and Erdmann, Bcr., 18, 45-1 (1SS5). 

* Friedburg. J. Am. Chtm. Soc. t 12, S3 (1S90); J. Chcm. Soc. t 58, 1400 (1S90). 

3 Phillips, Org . Coll. Vol. 2, 57S (1943). 
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aryl-substituted thiophenes; its chief advantage is that it makes possible 
control of the position of the sul>stitucnts. 


NaOjCCHtCHiCOjNa 



The 1,4-difunctional compounds that react with sulfides to form 
thiophenes are grouped into four subclasses for discussion in the following 
sections. 

Syntheses from Succinic Acids. Thiophene has been prepared by a 
number of variations of the original method 1 illustrated above. Suc- 
cinic anhydride reacts with phosphorus pcntasulfide to form thiophene; 1 
erythritol reacts similarly.* When diethyl succinate is heated with 2 
parts of phosphorus trisutfide, thiophene together with 2-ethovythio- 
phene nnd 2-othylmcrcaptothiophcnc arc obtained.* 2-Mercaptothio- 
phenc lias been found ns n by-product in the preparation of thiophene 
from sodium succinate.* 

Thiophenes with substituents in the 3 or 3 and 4 positions are obtained 
from salts of substitutes! succinic acids (III or IV) by reaction with 
phosphorus sulfides. The 3-alkyltliiophencs (V) that hate been ob- 
tained in this way from alkyl-substituted succinic acids (III) include 


R 

KaOjCCIIiCHCOjNa 



in 


R' R 

i it' i — ~7|tt 

NnOiCCIICIICOjNa -► (| J 

S 

IV vi 


3-methyIthiophene (30%), ,>r 3-cthyIthiophcnc (40-50%), M 3-isopropyl- 
thiophene (40%), , °- 1 * 3-n-propyIthiophenc (37%)," and 3-n-butyl- 


Paal and Tafel, Ber., 18, 6SS (18S5). 

Stemkopf and Leonhnrdt, Ann . 495, 166 (1932). 
M«yer and Neure, Ber., 20, 1750 (1SS7). 

^ Linstead, Noble, and Wright, J. Chetn. Soe , 1937, 911. 
, Damsky, Ber., 19. 32S2 (I8S6). 

„ G «lach. Ann.. 267, 145 (1S92). 

Thiele. Ann . 267, 133 (1892). 

Bcheibler and Schmidt. Ber., 54, 139 (1921). 



thiophene (23%). 12 The 3,4-dialkylthiophencs (VI) obtained from the 
appropriately disubstitutcd sodium succinates (IV) include 3,4-dimcthyi- 
thiophene (43%) 7 - n and 3,4-dietliylthiophene (40%). H 

The 3-arylthiophenes (V) that have been prepared from the sodium 
salts of the corresponding a-substitutcd succinic acids (III) with phos- 
phorus trisulfide 15 are 3-phcnyl-, 3-p-anisyl-, and 3-p-tolyl-thiophenc. 

Syntheses from y-Keto Acids. The thiophenes that have been pre- 
pared from y-keto acids have substituents in the 2 position, as ex- 
emplified by the preparation of 2-methylthiophene (VII) from levulinic 
acid (VIII) and phosphorus sulfide. 16 Similarly, a,fl-disubstituted 7-keto 
acids (IX) have been converted into 2,3,4-trisubstituted thiophenes (X). 

CH,COCH : CH : COjH -> |P 

% 

VIII VII 


R' R" 

I I 

RCOCHCHCOiH 

IX 



5-Hydroxy-2-alkylthiophene derivatives are often formed along wit 
the 2-alkylthiophenes from 7-keto acids. These 5-hydroxy derivatives 
are not formed if the sodium salt of the 7-keto acid is used. 11 ’’ 3 

The preparation of thiophenes by the reaction of levulinic acid wit 1 
sulfides has been studied extensively. When mixtures of levulinic aci 
(VIII) and phosphorus trisulfide or phosphorus pentasulfide are refluxed, 
there is formed either 5-hydroxy-2-methyl thiophene (XI, thiotolenol or 
thiotenol), or a mixture of this compound and 2-methylthiophene 
(XII, a-thiotolene), apparently depending upon the amount of the 
sulfide used. 16 Thus, when a mixture of 3 parts of levulinic acid and 2 
parts of phosphorus pentasulfide is heated, only 5-hydroxy-2-methv 1- 
thiophene is obtained (30%). Two parts of levulinic acid and 3 parts 


CHsCOCHsCHjCOsH -> | 1 + 

HO\ ^JcE 3 ^CHs 
S S 

VIII XI XII 

u Scheibler and Rettig, Ber., 59, 1194 (1920). 

11 Zelinsky. Ber., 21, 1835 (1SSS). 

’‘Steinkopf, Frommel, and Leo, Ann., 54S, 199 (1941). 

“ Chrzaszczewska, Boczniln Chem., 5, 33 (1925) [C. A., 20, 107S (1926)]. 
u Hues and Paal, Ber., 19, 555 (1SS6). 
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of phosphorus tristilfidc react under similar conditions to give a mixture 
of 2-mcthyIthiophene (15%) and 5-hydroxy-2-methylthiophene (20- 
2u%); 18 when the mixture of products is treated again with phosphorus 
trisulfide, the 5-hydroxy-2-methy 1 thiophene is not obtained. 1 * Levulinic 
ncid has been found by others ,T,,) to react with phosphorus trisulfide 
to give only 5-hyd roxy-2-mct by 1 thiophene; sodium Icvulinate gives only 

2 -methylthiophene (62%).“*” . . 

2-Hydroxythiophenc is formed by the reaction of /J-formylpropiomc 
acid with phosphorus pentasulfide. 1 * 

OIICCIIiCIIjCO-II I "J 0H 


A number of 2-alkyIthiophcnes have been prepared from alkyl- 
substituted levulinic acids by reaction with a sulfide of phosphorus. 
These derivatives include 2-isopropylthiophene (XIII, 49%) from 
sodium Y-koto^-methylcaproate (XIV); 11 2,3-dimcthylthiophenc (XV 
20%) together with some 2,3-dimcthyl-Miydroxythiophene (XVI) 


(CII,),CHCOCIIiCir,CO,N T a -» ([^ j] C II(CH,)j 
S 

xiv »» 

from /3-mcthyllcvulinic acid (XVII); *>•*■ » and 3-ethyl-2-methylthio- 
CH*COCII(CHj)CII»COiH -» jTj££ + IIoCjciI, 


phene (XVIII, 23%) from 0-cthylIevulinic acid (XIX). 5 ’ 2,4-Dunethyl- 
cir»cocH(CjH,)CHiCO,ir -> Jj c: 


-r 

Jen, 


"Steinkopl andThormann, Ann. MO, 1 
a Mentaer and Billet Bull. ehim. Franc*. 18, 232 (1015). 

“ Vlastelitia, J. Rum. Phu>- 700 (19U> IC ‘ A " *' 

10 Paal and PUschel, Bcr.. SO, 2557 (ISS7). 

“ GrQnewald, Bcr.. 20, 25S5 <18W- 


* Shepard, J. Am. Chem. Soc , 64, 2. 
** Stemkopf , Merckoll. and Strauch. 


, 845, 45 (1910). 


1750 (1915)1. 
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thiophene (XX, 34%) is obtained from a-methyllevulmic acid (XXI), - 
4-ethyl-2-methyl thiophene (XXII) from a-ethyllevuhnic acid (XXill) 
and 2,3 ,4-trimethyl thiophene (XXIV) from a,0-dimcthyllevulmic acid 
(XXV) .= 4 

R 

I 

CH3COCH0CHCO2H 

s 



XXI, R = CIIs 
XXIII, II = C 2 H s 


XX, R = CHj 
XXII, R = C 2 II 5 


CH 3 C0CH(CH 3 )CH(CH 3 )C0 2 H 

s 

XXV XXIV 

Of the aryl-substituted thiophenes that may be prepared from 7-keto 
acids, 2-phenylthiophene (XXVI, 7-10%) is obtained from either phen- 
acylmalonic acid (XXVII) or /3-benzoylpropionic acid (XXVIII) v ‘ by 
reaction with phosphorus pentasulfide. When the sodium salt of 
/3-benzoylpropionic acid 15 is used, a 30% yield of 2-phenylthiophene is 
obtained. Similarly, 2-p-tolylthiophene (XXIX) is obtained from 
/3-p-toluylpropionic acid (XXX), 15 and 2-methyl-4-phenylthiophene 

C 6 H 5 C0CH 2 CH(C0 2 H) 2 

XXVII 

-> L Jc 6 H 5 

c 6 h 6 coch 2 ch 2 co 2 h s 

XXVIII XXVI 

(XXXI, 30%) from the sodium salt of a-phenyllevulinic acid (XXXII)-' 0 


H 3 Q 


r j CH ; 


P-CH 3 CgH 4 C0CH 2 CH 2 C0 2 H 


l Jc,H, 


CHa-p 


XXX 


XXIX 


CH 3 C0CH 2 CH(C 6 H 5 )C0 2 H 


h 5 c, 


XXXII 


u 

s 

XXXI 


CH 3 


In contrast with the foregoing syntheses employing phosphorus sul- 
fides, the use of hydrogen sulfide with 7-keto acids leads to alkoxy- 
substituted thiophenes. Hydrogen sulfide is used in alcoholic solution 

s! Zelinsky, Ber., 20 , 2017 (1887). 

* Rinkes, lice. tear, chim., 52 , 1052 (1933). 

-• Hues and Paal, Ber.. 19, 3141 (1886). 
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saturated with hydrogen chloride; hydroxythiophcncs were postulated 
as intermediates that react further with the alcohol in the reaction 
medium to give nlkoxy thiophenes. For example, 5-cthoxy-2-methyl- 
thiophcnc (XXXIII) is prepared from levulinic acid.” Similarly, 

U HiCaj :.COill HiQj * jjCOjH 

CH, CdUol Jcil. C,1I,0^ Jcil, 

S S s 

XXXIII XXXIV XXXV 

5-cthoxy-t-cthyl-2-methyl-3-thiophenccarboxylic acid (XXXIV) is pre- 
pared from ethyl 0-carbcthoxy-a-ethyIlcvulmatc,” and 2,4-dimethyl- 
S-cthoxy-3-thiophcnecarboxj’lic acid (XXXV) from ethyl 0-carbethoxy- 
a-methyllevulinate.” The yields of these 5-et hoxy thiophene derivatives 
are 20-25%. 

The methyl, ethyl, and n-propyl ethers of ethyl 5-hydroxy-2-methyI- 
3-thiophenecarbo.xylate (XXXVI-XXXVIII) are products of the reac- 
tions between ethyl 0-carbcthoxylcvnlinate (XXXIX) and hydrogen 
sulfide in the appropriate alcohol-hj'drogen chloride mixture.** 


CO,C,H, 

CH,C0CIICII,C0,C,1I, 


O COjCsHj 
CH, 

S 

XXXVI. R - CH. 
XX.W II. R - C,II| 
XXXUI1 R - »-CjH, 


By a variation of the method employing ■y-keto acids, 2-thiophene- 
carboxylic acid (XL, 10-12%) is prepared by reaction of mucic acid 
(XLI) with barium sulfide.” 2-Thiophcncaldehyde (XLII) is the P^J- 
Uct of the reaction between 3-chloro-I,2-cyc!opcntanedione (XLIII) 
and hydrogen sulfide in alkaline solution." 

110,0(011010*00,11 -> J c o 2 h 

S 

XLI XJ. 



•OcH 


o 

XLIII 


XLII 


" Cliskrabarty and Jlrtra. J. Ckcm Soc.. 1940, 13*5 

* Mitra, Chakrabaity, and Mitra, J. Ckcm. Soc.. 19S9. 1116. 
“ Paal and Tafel, Bcr.. 18, 45C. (1SS5). 

* IIant,=cli, Bcr . 89. 2S27 (1SS9). 
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Syntheses from 1,4-Diketones. 2,5-Disubstituted thiophenes (XLIV) 
and a few 2,3,4,5-tetrasubstituted thiophenes (XLV) have been pre- 
pared by reaction of substituted diketones with sulfides. The applica- 
tion of this method to the preparation of tetrasubstituted derivatives 
has been limited by the difficulty in obtaining the required diketones. 31 

RCOCHiCH.COR' -> II || 

R%_ JR' 

S 

XLIV 

R"R"' R'V -R'" 

RCOCHCHCOR' JW 

S 

XLV 

2,5-Dimethylthiophene (50-60%) results from reaction of 2,5-hexane- 
dione with either phosphorus trisulfide or phosphorus pentasulfide. 3 ' 

2,3,5-Trimethylthiophene (35-40%) and 3-cyano-2,5-dimethylthiophene 
are prepared from 3-methyl-2,5-hexanedione 31 and 3-cyano-2,5-hexane- 
dione, 33 respectively. 

2-Methyl-5-phenylthiophene (XL VI, 60-70%) is obtained by heating 
5-phenyl-2,5-pentanedione with phosphorus pentasulfide. 34 Methyl 
/3-2-(5-pheriyl thienyl) propionate (XLVII, 50%) and methyl 0-2- (5- 
p-methoxyphenylthienyl) propionate (XL VIII) are formed by the reac- 
tion of the appropriate methyl 4,7-diketo-7-arylheptanoate with phos- 
phorus pentasulfide. 33 

H.cO ch 3 rI^ _Jch 2 ch 2 co 2 ch 3 

s s 

XLV I XLVII, R = CsHs 

XLVIII, R - p-CHjOCcHi 

2,5-Diphenylthiophene (XLIX, 60-70%) results from the reaction of 
either diphenacyl (L) 35 or diphenacyl sulfide (LI) 37 with phosphorus 
pentasulfide. 2,3,5-Triphenylthiophene is obtained similarly from 
1 ,2-dibenzoyl- l-phenylethane. 38 "When diacetylsuccinic acid ester was 
treated with phosphorus pentasulfide, no thiophene derivative could he 
isolated. 7 

a Youtz and Perkins, J. Am. Chem. Soc., 51, 3511 (1929). 

° Paal, Ber., 18, 2251 (1885). 

c Justoni, Gazz. chim. ital., 71, 375 (1911). 

Paal, Ber., 18, 3C7 (1885). 

a Robinson and Todd, J. Chem. Soc., 1939, 1743. 

* Kapf and Paal, Ber., 21, 3053 (18S8). 

27 Bohme, Pfeifer, and Schneider, Ber., 75, 900 (1942). 

3 Smith, J. Chem. Soc., 57, 043 (1890). 
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C.HiCOCIIjCHjCOC.n, v 

L * 

C«II,COCHjSCIIjCOC|H* f 
u 


II, C,^ 


C J c ‘ h * 


XLIX 


1,2-Dibcnzoyl-l-phcnyIethylene (LII) reacts with hydrogen sulfide 
,n ethanol solution saturated with hydrogen chloride to give 2,3,5-tri- 

phenylthiophenc (LIII).*» 

U C(H| 

C»n, 

S 

UI UII 

Tetraphenylthiophene (LIV) is produced by the reaction of hydriodic 
acid upon tctraphenyl-2,5-endosulfidothiophene (LV) or its oxygen 


H 5 C,r— |C,H # 

n.o,<3>c,H, 


n s c« 

U s C e 


c 6 H s 

C 6 U B 


analog.” The tetraphenyl-2,5-cndosulfidothiophene is formed by pass- 
ing hydrogen sulfide through a solution of benzoin in either ethanolic 
hydrogen chloride or a mixture of acetic acid and hydrochloric acid.’* 
Syntheses from Other 1,4-Difunctional Compounds. A limited 
number of thiophenes have been synthesized from chloroacetyl-substi- 
tuted esters. Thus ethyl chloroacctylcynnoacetnte (LVI) reacts with 
potassium hydrosulfide to form ethyl 2-amino-4-hydro.xy-3-thiophene- 

carbo.xylatc (LVII, 4G%).« 

HDjJ r.COjCjH, 

C1CHiCOCH(CN)COjCjH» — » (| J NHj 


The methyl and ethyl esters of 4-hydroxy-2-methyl-3-thiophenecar- 
hoxylic acid (LVIII, 83%) have been prepared by treating methyl and 
ethyl a-chloroacetyl-yS-aminocrotonate (LIX) with sodium or potassium 
hydrosulfide in ethanol solution.*'-" The anilide corresponding to the 

“Mitra. J, Indian Chem. Soc., 15. 59 (193S) [C. A.. 32. 49S2 (193S)1- 

Senary. Ber., 43. 1943 (1910). 

Senary and Baravian. Bn-.. 48, 593 (1915). 

Senary and Silberatrom, Btr., 52. 1605 (1919). 

Mantier. Billet, Molho, and Xuong. Bull. «*• *»*'"• France, 12, 161 (1915). 

Senary, Ger. pat. 232,914 [C. A., 9, 256S (1915)]. 
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, t tv a -chloroacetyl-^-aminocrotonanilide, reacts with an equi% a 
£? Sai'Z hydrosuWe to give rtydroxy-^ethy.-S-th.ophene- 
carbonanilide (LX) A 


CICH0COCCO2R 

I! 

H2NCCH3 


HO 


LIX 
r CHj, C2H5 


or 

s 

nvni 

CHj, C2H5 


so o: 

s 


CONHCcHs 

•CHs 


LX 


it = ^LLZ, 

3-Acetyl-2,4-dihydroxythiopheneor3-acetyl-2,4-diketotetrahydrothio- 

nlrPTip fLXI) is prepared by tbe action of potassium hydrosulfide 0 
phene (LAJ.j is prepmeu uj- ' 4 , Th intermediate 

ethyl a-chloroacetyl-(3-aminocrotonate (LXII). me m 

amino derivative LXIII is readily hydrolyzed to the ketone LXi. 


OC 


-C=C 


/ 


ch 3 


00 


\ 

NH2 
CH2CI C 02 C 2 H S 

lxxx 


/ 

-C=C 

I \ 


CH 3 


OO 


H 2 C CO 

\/ 

s 

LXIII 


NH 2 


H 2 C 


\/ 

s 

T.XT 


-CHCOCHs 

I 

CO 


Experhiextal Coxditioxs 

There seems to be little difference in the reaction of phosphorus tn 
sulfide or phosphorus pentasulfide with the various difunctiona com^ 
pounds. The yields are about the same from both sulfides, but phos- 
phorus trisulfide is the more common reagent. The proportion o sir ® 
employed has varied, and an excess up to 1.5 moles is generally use , 
large excess is reported to have an adverse effect. 15 As summarize 
Table II, the yields of products obtained by this method are se 0 
above 50% except for syntheses involving diketones. _ 

To carry out the reaction, the difunctional compound and the p °- 
phorus sulfide are first mixed intimately. Some investigators a vise 
sand LU.is.i9.22 as a diluent, the amount used to be either equal to e 
weight of the sulfide K - 15 or two to ten times the weight of the dicarbonj 
compound. 4 -- According to the older literature, the reaction mixture 
is placed in a retort and heated with a free flame 1 or in a closed tu e 
heated at 160-180 o . s!: In more recent procedures, the reaction is cam 
out in a flask equipped with a condenser for distillation under an atmo_ 
phere of carbon dioxide. 3 - 7-14 - 17 The carbon dioxide prevents explosions 
and also carries over the distillate more rapidly. It is not always neces- 


c Benary and Ixerckhofi, Ber. t 59, 254.5 (1926). 
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saiy to heat the reaction mixture at high temperatures; the two com- 
ponents may be stirred and heated at 90-100° until evolution of hydro- 
gen sulfide ceases. 1 * Slow initial heating has been found beneficial, 7 but 
in general the reaction mixture is finally heated above 150° to complete 
distillation of the product. 

The product is usually distilled from the reaction mixture. However, 
it hag been extracted with ether 15 or steam-distilled. 10 The products 
are generally purified by w ashing with strong aqueous alkali and by 
distilling the dried product over sodium, provided the product docs not 
contain a functional group affected by this treatment. 

The effects of minor modification in the procedure on the yield are 
indicated by a study of the synthesis of 3-methylthiophene from sodium 

a-methylsuccinate 7 (Table I). 


TABLE I 

Preparation op 3-Methtlthiophene 


Sodium 

Salt 

g- 

P*S, 

g- 

Procedure 

Yield 

g- 

% 

92 

lto 

Rapid initial heating 

9.5 

18 

too 

150 

Heating in a stream of COj 



200 

250 

Slow initial heating 



200 

250 

Slow initial heating 



235 

295 

Slow initial heating 



220 

275 

Slow initial healing; mixture 





diluted with sand 




Experimental Procedures 

3,4-Dimethylthiophene. 1 A mixture of 195 g. of the sodium salt of 
a-0-dimethylsuocinic acid (dried at 200°) and 215 g. of phosphorus tn- 
BUlfide is subjected to dry distillation in a stream of carbon dioxide. The 
distillate of crude 3,4-dimethylthiophcne is allowed to stand in contact 
sodium hydroxide for fifteen hours, then refluxed over sodium for 
hours, and fractionated. The 3,4-dimethyIthiophenc boils at Hfr- 
14 S°; yield, 50 g. (43.5%). „ 

3-n-PropyIthiophene.n A mixture of the dry sodium salt from *» g- 
of n-propylsuccinic acid and CO g. of powdered phosphorus bisulfide » 
P’aced in a flask equipped with a condenser for distillation. The mixture 
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is heated until the product distils. The distillate of crude 3-n-propyl- 
thiophene is washed with sodium hydroxide solution and with water, 
and is dried over solid alkali. The product is finally distilled from sodium 
as a colorless liquid boiling at 160-162° (eor.); yield, 7.6 g. (37%). 

2- Isopropylthiophene. 11 A mixture of 34.5 g. of dry sodium o,h- di- 
methyllevulinate, ground to a fine powder, and 80 g. of powdered phos- 
phorus trisulfide is placed in a flask fitted with a condenser for distilla- 
tion. The flask is heated with a free flame until the reaction starts, 
when the flame can be removed. The distillate is collected and dissolved 
in ether; the ethereal solution is washed repeatedly with aqueous sodium 
hydroxide and then with water and finally dried over solid sodium hy- 
droxide. The ethereal solution is evaporated, and the crude residue is 
refluxed over sodium and then fractionated. The 2 -isopropylthiophene 
distils at 149-157° as a colorless oil. Refractionation of this distillate 
over sodium yields 12 g. (49%) of pure 2-isopropylthiophene, b.p. 152- 
153° (cor.). 

5-Hydroxy-2-methylthiophene. n A mixture of 60 g. of levulinic acid 
and 40 g. of finely powdered phosphorus pentasulfide is heated in a 
1-1. flask equipped with a condenser for distillation. A stream of carbon 
dioxide is passed through the flask as it is heated with a free flame. The 
crude distillate is redistilled under reduced pressure to yield 11 g. (19%) 
of pure 5-hydro\y-2-meth3'lthiophene, b.p. 94-96°/15 mm., m.p- 
-23.5° to -22.5°. 

2,3-Dimethylthiophene.- A mixture of 30 g. of /3-methyllevulinic acid 
and 35 g. of powdered phosphorus pentasulfide is heated. A vigorous 
reaction takes place; as soon as this has subsided the product is distilled 
from the reaction mixture. The crude distillate is washed with cold 
sodium hydroxide solution and is then distilled over sodium. The puri- 
fied 2,3-dimethylthiophene boils at 140.2-141.2°. The yield is 20%. 

2,3,5-Trimethylthiophene. 31 To 65-70 g. of powdered phosphorus 
pentasulfide in a flask fitted with a reflux condenser is added 96 g. of 

3- methjd-2,5-hexanedione. The mixture is cooled and allowed to stand 
for a few minutes to avoid violent reaction, then allowed to warm to 
room temperature. Finally, it is heated to boiling for three to four hours 
with the addition of 10 g. of phosphorus pentasulfide after the first 
hour. The liquid portion of the reaction mixture is decanted from the 
tarry residue and distilled. The distillate is dried, refluxed over several 
portions of sodium and then over sodium hydroxide, and finally frac- 
tionated. The product is a colorless liquid with a durene-like odor, b.p- 
163-165°/746 mm. (cor.). The yield is 35% to 40%. 

Methyl f3-2-(5-Phenylthienyl)propionate.“ A mixture of 10 g. of 
methyl 4,7-diketo-7-phenylheptanoate and 10 g. of phosphorus penta- 
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sulfide is heated at 95® and stirred until evolution of hydrogen sulfide 
has ceased (about one hour). The reaction mixture is a thick brown 
syrup which solidifies after a few hours. The solid product is extracted 
with ether; the ethereal solution is filtered, shaken with aqueous sodium 
bicarbonate, and dried; and the ether is evaporated. The solid residue 
is dissolved in a small volume of ethanol, and the solution is decolorized 
with charcoal. The product which crystallizes melts at 75°. The yield 
is about 50%. 
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2-Ethoxy J CtlltOsCClIiClIjCOtCxIT, (ISO g.) PjSj (300 g.), 150* 

2-IIydroxy^l, 5-dimcthyl- I CnaCOCIRCl/jJCHjCOjII (1 part) PfS* (1.5 parts), distilled 

2- EthyImcrcap to- I CjIROjCCHjCirtCOjCjir, (150 g.) PjSj (300 g ), 150* 

3- Cyano-2,5-dimethyI- I CHaCOCH<C.Y)CHiCOCII» PjS, or PjSs, 85-00*, vio 
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p-CII,OC,H,COCH,CH s COCHiCH,CO J CII, P s S s , 00-100' 
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Thiophenes by Reaction of Unsaturated Compounds with Sulfides 

The second general method for the preparation of thiophenes "^ 
typified by the reaction of acetylene with either metallic sulfide,, hj d 
gen sulfide, or sulfur to form thiophene. So many variations upon tk 
general method have been devised that consideration of it ha been 
divided into three parts, which are based upon the three sulfunzmg 

agents mentioned above. Other starting materials that appear to react 
with the sulfurizing agent through unsaturated intermediate, a 

“hofthe manufacture of thiophene, the method is amenable to large- 
scale operation. For the preparation of lower alkylthiophenes an som 
an-lthiophenes, particularly tetraphenylthiophene, the method is app 
able in the laboratory where the starting materials are readily ai ai • 
This method has far more hmitations than the one involving the reac 10 
of 1,4-difunctional compounds with sulfides, since there is little con ro 
of the isomers formed. The preparation of many of the compounds i> 
this method involves apparatus not available in many laboratories. 

this reason no experimental procedures are included. 

Reaction of Unsaturated Compounds with Metallic Sulfides, 
most commonly used metallic sulfide is pyrite, but markasite and syn 
thetic iron sulfide (FeS 2 ) have also been employed. 47 - 3 ’ The fine 3 
divided p 3 -rite (90-mesh) is generally placed in a heated non u 
equipped with an agitator. The gaseous unsaturated hydrocarbon is 
then passed through the tube at about 300°. 47 - 45 Carbon dioxide ma> 
be used as a diluent. 49 The exit gases are condensed, and the condensa e 
is fractionated. 

The reaction is accompanied by numerous side reactions. ^ Tor 
ample, in the preparation of thiophene from acetylene, 4 "' M9 ' i1 ' ” 
crude reaction product contains not onh' thiophene but also 1,3-bu a 
diene, acetaldehyde, carbon disulfide, acetone, benzene, 2-meth3lt 10 ~ 
phene, 3-methjdthiophene, 2,3-dimethvlthiophene, 2-ethj'lthiophene, 
and 3-eth\-lthiophene ; nevertheless, the crude reaction product 31c s 
about 40% of thiophene on fractionation. 49 

Several homologs of thiophene have been prepared by allowing t e 


c SteinVopf, Chcm. Zlg.. 35, 1093 (1911); J. Soe. Chcm. Ind., 30, 1202 (1911). 
ts Barker and Easson, J . Chcm. Soc.. 1938, 2100. 

0 Stcinkopf and KirchhofT, Ann., 403, 1, 11 (1914). 

** Stcinkopf, Chcm. ZIq., 36, 379 (1912) [C. A 7, 14S2 (1913)]. 
st Stcinkopf and Hcrold. .Inn., 428, 123 (1922). 

Stcinkopf and KirchhofT. Ger. pat. 252,375 (C. A„ 7, 53S (1913)]. , 

Stcinkopf and KirchhofT, Aurt. pat. 72.291 \C. A., 11, SG9 (1917)]; Steinkop ^ 
KirchhofT, Brit. pat. lG r S10 [C. A., 8, 41G (1914)]. 
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appropriate hydrocarbon to react with pyritc, but the yields are low; 
examples are 3-mcthylthiophenc from isoprenc * 5 - 60 and 3,4-dimethyI- 
thiophenc from 2,3-dimethyl-l ) 3-butadiene.‘ , ' ia 

Reaction of Unsaturated Compounds with Hydrogen Sulfide. When 
hydrogen sulfide is employed as the sulfurizing agent, the mixture of hy- 
drogen sulfide and the unsaturated compound, which is diluted with 
carbon dioxide, M may be allowed to react directly at high temperature 
(640-600°). Alternatively, the mixed gases may be passed over a 
catalyst at 300-600°. The catalysts used include silica gel, 65 a mixture 
of nickel carbonate with traces of alumina, magnesium carbonate, and 
manganese dioxide,** mixed heavy metal sulfides supported on alumina, 67 
bauxite, ** nickel hydroxide on cement,” alumina, 65 and pyrite.*® Thio- 
phene and several of its homologs have been prepared by this method. 
A mixture of products results when acetylene reacts with hydrogen 
sulfide in tho presence of a nickel carbonate catalyst containing traces 
of alumina and magnesium carbonate or bauxite; the crude reaction 
product contains 40% of thiophene together with small amounts of 
methylthiophene, dimethylthiophene, and propylthiophene. 6 *' 6 * Wien 
purified illuminating gas (equivalent to methane) is combined with the 
acetylene-hydrogen sulfide mixture at 650-670°, a mixture of 1-methyl- 
thiophene, 2-methylthiophene, and dimethylthiophene is formed. 6 
Experiments with the series of olefinic hydrocarbons, ethylene, propyl- 
ene, butylene, and isoamylene, have led to the conclusion that the pro- 
portion of thiophene derivatives will be smaller os the number of carbon 
atoms in the olefin becomes larger. It is also found that the proportion 
of thiophene and carbon disulfide decreases and that of mercaptans and 
neutral sulfides increases as the number of carbon atoms in the mitia 
hydrocarbons increases. 66 . 

The reaction temperature influences the yield to a mar e ex en . 
For example, when butadiene and hydrogen sulfide "’ere passed over 
Pyrite, the yields of thiophene were 8% at 500 , 22% at , an ° 
at GOO 0 .* 0 

Furan and pyrrole and their homologs have also been converte to 
thiophene derivatives. Furan reacts with hydrogen sulfide in t 
presence of an alumina catalyst at high temperature to give a a /o 


“ Mailhe, Chimie A induj'rie. 31, 255 (1934). , 

■ u™., J. JirtfUd cw U.S .1 R-. 1 1 ta (1933) |C. ■*- 23, 3710 <1931» 

” U. S. pat. 2,330.916 \C. A . 38, 3298 <1941)J. 

Stuer an d Qrob, v g pat . 1,421.743 [C. A .. 16. 3093 (1922>L , 0 3 , 

“ Yur'ev, Be,.. 69, 440 (1930); Yur'ev and Tronova. / <?*»• Ckcm. . 

094°) [C. A., 34, 4733 (1940)] 

Schneider, Bock, and Hiuaser. Btr^ 70, 425 (1937). 
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• lr j nf fhioohene ” Similarlv, 2-methylfuran and hydrogen snlSde 
Set at 350° to form 2 -methvlthiophene (11%)“ Pinole and hydrogen 
SS at S in the p« e of the same catalyst to form tbio 

^Reaction of Unsaturated Compounds srith Sulfur. The reactionof 
hydrocarbons irith sulfur at high temperature leads to the simth 
Of thiophene and its alkyl and aryl substitution products 
variations of this method exist that depend upon the nature of the h} 
carbons used Gaseous or volatile hydrocarbons may be passe 
Sn sS in an iron pot at about 350’, and after condemn of 
the distillates the recovered hydrocarbons may be recycled, 
nroduct is obtained bv fractionation of the crude distillates 

When acetvlene, R - E3,M ethylene* or butadiene « is bubbled thro i 
molten sulfur, small yields of thiophene are obtamed. The yield o 

fhioohene from acetvlene is about 6%-“ , 

When isoprene is passed into molten sulfur at 350°, 3 -methylthiop 
i= formed* Bv diluting (1:1) the isoprene with carbon disuWde 
recycling, a 51% jdeld of 3-methylthiophene is obtained. 
thiophene is obtained similarly from dimethylbutadiene and sulf 
-100— 120° (31%), and 2,3-dimethylthiophene from 3-meth3'l-l,d-P e 

A variation of this general method is the reaction of acetylene with 
carbon disulfide to form thiophene, when a gaseous mixture of the wo 
compounds is passed over broken porous plate at 700°.° Since a mga^ 
temperature is required in this variation, the thiophene may result ro 
the combination of acetylene with sulfur liberated by decomposition o 
carbon disulfide. 0 Carbon disulfide is recovered from the reaction 
200’; a trace of thiophene is formed at 350°, and the product contain- 
about 10% thiophene (by volume) after reaction at 700°.° , 

An excellent method has been devised for the large-scale synthesis 
thiophene from n-butaneW Sulfur and 72 -butane are allowed to reac 
in the vapor phase at 450-760°; the optimum temperature is about / > 

and the optimum ratio of 71 -butane to sulfur is 1 : 1. A mixture of t °* 
phene, butadiene, and butene is formed, and the yield of thiophene 
can be increased to 50% by recycling unreacted butane, butadiene, 
and butene. The more unsaturated the hydrocarbon, the lower is t e 


r - Yur’ev, Brr.. 69. 1002 (1935); J. Ctn. CSot. VRR.P... 11, 112S (1941) \P.A~ 37, 
4071 (1943)1. 

c Shepard, Heme, and Midgjer, J . Am. Crjrm. Soc., 56, 13So (1934). 

G Merer and Sardmcyer. Eer., 16 , 2176 (1SS3). 

« Peel and Robinson, J. CUm. Soc., 1923, 2065. 
c Briscoe, Peel, and Robinson. J. Chen. Soc., 1928, 2S57. 

® Rasmussen, Hansford, and Sachanen. ItA. Er.$. Chsm., 3S, 376 (1916). 
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temperature necessary to produce a given yield of thiophene. n-Pentane 
and isopentane give methylthiophenes, and all the aliphatic hexanes give 
methylthiophenes or cthylthiopliene under the same conditions. Hydro- 
carbons lower than C 4 do not yield thiophene but are dehydrogenated 
to olefins. 

The reaction of hydrocarbons with sulfur may be carried out in a sealed 
tube at 27O-2S0V T -**-‘» In this way, 2-octene gives a dimethyldiamyl- 
thiophene of unknown structure *’ and octane gives a diethylthiophene 
of unknown structure ** in very low yields. Acetylenedicarboxylic acid 
as its dimethyl or diethyl ester reacts with sulfur at 150-155° in a sealed 
tube to form the ester of thiophenctetra carboxylic acid. 7 ® 

The starting materials for the synthesis of aryl-substituted thiophenes 
by this method are relatively non-volatile, and the reaction may be 
carried out in a flask with a reflux condenser by heating the organic 
component with sulfur at elevated temperature until evolution of hy- 
drogen sulfide ceases. The product is generally obtained from the residue 

by recrystallization. 

A number of compounds other than hydrocarbons have been found to 
K=act with sulfur to give thiophene derivatives. However, unsaturated 
hydrocarbons may be transitory’ intermediates since the temperature of 
the reactions is high. Cinnamic acid reacts with sulfur at 235-240 to 
give a mixture of 2,5-diphcnylthiophene and 2,4-diphenylthiophene; 
styrene reacts with sulfur at 190-195° to give the same products 71 

2-p-Anisyl-3,4,5-triphenylcycIopentadienone (I) reacts with sulfur at 

320° in an ntmospherc of carbon dioxide to give about 50% of 2-(4 - 
reethoxyphenyl)-3,4,5-triphenylthiophene (II)” 


H»C«j C,I. 

H»C»V J'C.IHOCH.-p 
C 

0 


IUC, 

H»C» l 


O 


C*H, 

C.H«OCHj-P 


11 


Tetraphenylthiophene lias been prepared by the reaction of a number 
of different compounds with sulfur. Some reactions were carnedout in 
closed vessels, but most were carried out in open flasks at 200 -^u . 
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ns follows: tclrapl.eny hutad.cnc (M > ^ > hcnyIacc tic 

.i-nhoiw benzyl ether,” toluene,-* stilbene (GO <U/oJ, I J ' 50 

»cid 

Tctra-p-anisylthiophcne is obtained similarlj from , 

number of sulfur-containing compounds. Thc»e reaction 

been shown to be generally applicable to the preparation th ^ ^ 

nlienes. When either benzyl sulfide or benzyl disulfide is Pi r i ^ 

360-400°, a distillate containing tetraphenyltluophene is o _ 

Cta BUBSMtal tl.nt benzyl **££ 

sulfide and sulfur, which arc known pyrolysis products, an 
sulfur ’and hydrogen sulfide in turn react with stilbene to gn ^ 
phenvlthiophene and toluene.* 4 The distillation o ^ k.w.p 

benzoyl disulfide, or thiobenzoic acid gives tetraphenylthip 
Trithiobenzaldehyde or high polymeric thiobenzaldehj de 
pyrolvzed to tctraphenylthiopbene.* 

Pyrolysis of thiobenzanilide at 270-310 gives a sma j 
phenvlthiophene.” Sodium a-tolucncsulfonate on dr>- distillation g 
temperatures gives tetraphcnylthiophene in addition to benzo 

stilbene, and sulfur. 40 , . o=(y-260° 

Pyrolysis of polymeric thiosalicylaldehyde methyl ether < 

gives tetra-(2-methoxyphenyl) thiophene 41 


74 Smith and Hoehn, J. Am. Chem. Soc., 63, 1 1 S-4 (1941). 

75 Szperl and Wicrusz-Ko^alski, Chem. Pohhi , 15, 19, 23, 23 
114(1), 492 (1918)]. 

75 Aronstein and Van Nierop, Rec. Irav. chim., 21, 443 (1902). 

77 Baumann and Klelt, Ber ., 24, 330/ (1891). 


(1917) I/. Chem. Soc- 


7? Zjejder, Ber., 23, 24/2 (1890). 

n Dilthev, Schommer, Hoschen, and Dierich-i, Ber., 68, 1159 (193o). 
a DOthcy, Ger. pat. 62S.954 [C. A., 30, 6009 (1930)). 

27 Baurent, Ann., 52, 343 (1844). 

22 Marcher, Ann., 136, 75 (18G5). 

K Forst, Ann., 178, 3/0 (18/5). 

M Fromm and Achert, Ber., 36, 534 (1903). 

65 Fromm and Schmoldt, Ber., 40, 2S61 (1907). 

** Fromm and Klinger, Ann., 394, 342 (1912). 

27 Btdmer and ^lann, J. Chem. Soc., 1945, G77. 
w Baumann and Fromm, Ber., 24, 1441 (1891). 

63 Chapman, J. Chem. Soc., 1928, 1894. 

50 Fromm and de Scixaa Palma, Ber., 39, 3303 (1906). 

* Kopp, Ber., 25, GOO (1892). 
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Thiophenes by Reaction of 1,2-Difunctional Compounds with 
Thiodiacetic Acid Esters 

The 1,2-difunctional compounds that have been found to react with 
esters of thiodiacetic acid to give thiophenes are divided into a-diketones, 
«-keto esters, and oxalic esters for discussion in this section. This dis- 
cussion is followed by a description of the formation of thiophene deriva- 
tives by decarboxylation of 2,5-thiophenedicarboxylic acids resulting 
from syntheses with esters of thiodiacetic acid. 

In carrying out these reactions, diethyl thiodiacetate and the equiva- 
lent weight of the 1,2-difunctional compound are usually mixed and 
added to an ethanolic solution of a sodium alkoxide. The reaction mix- 
tures are generally allowed to stand at room temperature or in a refrig- 
erator for several days, but they may be heated finally to reflux tempera- 
ture.* 5 When the reactions are complete, the mixtures are poured into 
water, the ethanol is evaporated, and the 2,5-thiophenedicarboxyhc acid 
esters are saponified. Acidification of the solutions with mineral acid 
liberates the 2,5-thiophenedicarboxylic acids. If the esters of the 
2,5-thiophenedicarboxylic acids are desired, the reaction mixtures arc 
Poured into water, and after acidification the esters are extracted imme- 
diately with chloroform.* 1 Special interest is attached to this method, 
because many thiophenecar boxy lie acid esters may be hydrolyzed to the 
free acids, which can then be decarboxylated by pyrolysis to give 3,4- 
disubstituted thiophenes. 

Syntheses from a-Diketones. This synthesis of thiophenes from 
fr-diketones, introduced by Hinsberg,* 4 is typified by the reaction of «- 
diketones (I) with thiodiacetic acid esters (II) to give substituted 
thiophenes (III). Thiophenes with a variety of alkyl and aryl groups 
3 and 4 positions have been synthesized by this method. There 


RO,cL Jc o,r 
s 

III 

few data in the literature on the yields, so that no generalizations can 
he made about the effect of substituents on the course of the synthesis. 

" f ,**"- J - Chem. Sec.. 6T, 2217 (1915) 

MmsWg, Bct., 4J, 2U3 (1912). 

““Sberg. B«r.. 43, 901 (1910). 
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“-Dihetonea react trith the methyl or 

in presence of sodium .alkomde. 0£*d OVt in presence 

^sndium^ei^^rd^et^rnrnn^^rP^rntnre^for^five^days 


CHOCHO + C*H 5 0,CCH^CH,CO : C,Hs 


HnCeO;C\ /JcOeC-Hs 

s 

VI 


thiodiacetate yield > 

ester, rrhich i* hydrolyred rnthout ^ ben* 

r conditions tri'.h diethyl thiodiacetate 

r^T \ ~ ^LTvsis. 3-methyl4-phe»yl-2,o-thiophened.carb® - 



t.m.m 3 4 _di-(p-tolyl)- 2 , 5 -thiophenedicarboxj'lic a~- - • s5 

(74%), - 5 and 3,4-di(2-iun-l)-2,5-thiophenedicarboxThc acid C a 

respectively. 



/CO ; H 


YU. P. = P.' = CHj 
YIU P. = CHj. R' = CtHs 
IX. R = R' = CiHs 


X, R - R' = p-CHiC tH' 
XR R = E’ - I] 1|_ 


Syntheses from a-Keto Esters. a-Keto esters (XII) ^ eact vn ' h 'f^ d 

of tWodiacetic acid (II) to give 3-hydroxy-2,5-thiophenedicarbo^ > be ^ 

iters (XIII). An example of this method is the reaction of can 


R'COCOjR 

xn 

t 

RO-CCH: CHjCOsR 

\/ 

u 


R s fP H 

RO;C\ >CO*R 


xni 


pyruvate (XIV) with diethyl thiodiacetate (V") to [ orrQ 2 ’ C V r H’iit’ e r 
3^hydroxy-4-methyl-5-thiophenecarboxylic acid (XV ), one oi t c - 


* Seta. Bet-., 5S, 17S3 (1025). 

*i Backer and Stevens, Ti'C- {re?, tf.in, 59, £99 (1940). 
^ Hfcsberp. B'r.. 4S, 1CI1 (1915). 

« Steinkapf. -4r.n., 424, 23 (1921). 

* Backer and Stevens, Rtc. trez. chin.. 59, 423 (1940). 
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groups being hydrolyzed during the reaction. 91 Similarly, ethyl mesox- 
alate reacts with diethyl thiodiacetate to form 3-hydroxy-2,4,5-thio~ 
phenetricarboxylie acid triethyl ester (XVI). 93 


CHjCOCOjCjHs + CjH*OiCCHjSCHjCOiC*II ( jP* 

KUjCv^ ^uOjCiHe 


XIV 


Syntheses from Oxalic Esters. Diethyl oxalate reacts similarly with 
dimethyl thiodiacetate to form, after hydrolysis of the ester groups, 
3,4-dihydroxy-2,5-thiophenedicarboxylic acid (XVII). 5 -' 91 When the 
dihydroxythiophene XVII is treated with dimethyl sulfate, 3,4-dimeth- 


«°ff f, 0H 

HOjCl, JcOtU 


S 

XVII 


oxy-2,5-thiophenedicarboxylic acid is obtained in 59% yield 93 
Decarboxylation of 2,5-ThiophenedicarboxyIic Acids. 2,5-Thiophcne- 
dicarboxylic acid esters are readily hydrolyzed by 10% sodium hydroxide 
solution. The free acids are stable when the 3 and 4 positions of the 
thiophene nucleus bear hydrogen atoms or alkyl or aryl groups. Decar- 
boxylation of the acids can be accomplished by pyrolysis at 300® or 
higher, 91 ' ”• *» or by heating the disodium salts of the acids with calcium 
hydroxide in vacuum. 99 

3,4-Diphenylthiophene (65%) and 3,4-di(p-tolyI)thiophene (83%) 

are obtained by pyrolysis of the corresponding 2,5-thiophenedicarboxyhc 
wids at 300-360°, 9 “' 97 - 99 3, 4-di(2-furyl) thiophene by pyrolysis of the 
disodium salt of the dicarboxylic acid, 91 and 3,4-dimethoxythiophene 
( 5S %) by heating 3,4-dimethoxy-2,5-thiophenedicarboxyhc acid with 
copper chromite in quinoline solution in a nitrogen atmosphere for thirty 
minutes at 180°." 

When one or both of the 3 and 4 positions of the thiophene nucleus is 
substituted by a hydroxyl group, hydrolysis of the 2,5-thiophcnedi- 
carboxylic acid esters to the dicarboxylic acids is not always p^sible: 

2-carbethoxy-3-hydroxy-4-methyl-5-thiophenecarboxy]ic acid (XV) on 

hydrolysis in dilute alkali undergoes partial decarboxylation to form 
"■hydroxy -4-methyl-5-thiophenecarboxylic acid (XVIII). 94 


H ’ C jj jj OH 

HOjdt^ JicOiCjH, 


s 

xv 


:3o 0U 

s 
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EXFEHIitE^TTAL PeOCEDTJEES 

Wm-* 3 t a" 

10 g. of dimethyl thiodiacete rf me ‘ thano i. The mixture is 

solution of 4 g- o 80 * A vellovr precipitate forms immediately . 

shaken during the addition. A ye P ? poure d into water 

So ml. of methanol is added to a *>1*™. mixture 

m l of methanol. After standing lor three day*. the rea ^ pre£ _ 

is diluted with 1 1. of water and the alcohol .is Chloric acid. 

„ Thp rpEidual aqueous solution is acidified with ny arocm 

The'cn-stalline precipitate is collected on a filter and "'JjJ^lution is 
It i= dissolved in ethanol containing 20% of ™tcran th ^ 
trited with a small quantity of decolorizing carbon. 5,4- U>P - 

2 ^thh) P henedi carboxylic acid is deposited m f-all crystah ^ 
Kbout 48 g. (74%). A second recrystalhzation may be nece~ O 
obtain pure material melting at 341 (dec.). 


TABLE IV 

Thiofhots bt Reaction or l r 2-DiFrxcnoKAi. 

Acid Estees 


Compounds WTTE Titiodiacehc 


Tia&cass'iAis tzA 


Besets iziTxrzi- > i 
E-Util C C=£Sk 3 ; • = 




".S-DEt-i 
I-CiAcxr-S-ttf-ijS 
lorhce'llxir* 

!>D.=srVacilS!.«-£iTi-rtT. 
2 I / . 'T7 -E - ' E; r-n 2 
2d E-T: t 1~ 77 - 


- CEOCHO 
1 CHiCOCOCH, 
' (COtCErE* 


(CO-CtHiV 

CH^OCOJT-Hi 

| 'CO-C-.Ed : 
CErCOCCCrHr 
! COCOrCiHi',. 

|r=s 


CrHrCOCOCtHi 


SiOCjHjiaella: 


sit*. 5' I - 


i XiOCjEi E «Xn'.l I*. 0* , 


NiOCH: n dt'-itt/-.’. it 

$• ftScroi 1 - Ettijis- 

•j. . xrth (CHrESOr 
NiOCEj E =stS»»S 
XiOCSr it* ttttittstl 

NsOCcSj E riXtl'-l 
NiOC-Ht E Biunt 
| XiOC;H s E Bii=s! it 0* 
! NiOCEj o tt-ttiin-.! 
N 1 OCH 1 cr Xa9-;Si 


S3 

S3 

S3 


S3.« 

SI 



■ K=*-.- r : tx-*-: 
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Thiophenes by Reaction of Aryl Methyl Ketones with Sulfides 

In the Willgerodt reaction, 140 a ketone is heated with ammonium 
polysulfide; when aryl methyl ketones are employed thiophenes are 
obtained. The reaction of acetophenone with ammonium sulfide at 
215° for six hours in an autoclave gave a mixture containing thiophenes 
(20%), phcnylncetnmidc (23%), phcnylacctic acid (6%), and ethyl- 
benzene (8%). The thiophene fraction was separated by fractional crys- 
tallization into 2,4-diphcnylthiophcnc and 2,5-diphenylthiophenc. 

In a similar manner, a mixture of 2,4-di-p-tolylthiophenc and 2,5-ch- 
P-tolyhhiophenc was prepared from methyl p-tolyl ketone in about 20 ^ 
yield.' 1 *' 0 * This method has been improved and modified for the 
preparation of 2,4-diphcnylthiophcne. ,M By heating acetophenone anil 
and powdered roll sulfur at 220-240° for thirteen hours, 2,4-diphcnyl- 
thiophenc is formed in 2S% yield. The anils acetophenone o-tohl and 
acetophenone p-tolil under the same conditions give 2,4-di-<o-toIyU- anu 
2 I 4-di-(p.tolyI)-thiophcne in yields of 21% and 32%, respectivdy _ 
Extension of the method to the anil of propiophenone gives 3,5-<1imctn- 
yl-2,4-diphenylthioplicnc. 106 3,5-DictliyI-2,4-diphenylthiophcnc was re- 
ported as the product from n-butyrophenone anil, but the identification 
was incomplete.' 05 , 

In the preparation of thioacetophcnone by the reaction of acc 
Phenone with hydrogen sulfide, a disulfide, C 21 II 22 S 2 , was isolated as 
by-product. 105 Pyrolysis of this “anliydroacctophenone disulfide ga 
2,4-diphcnylthiopliene. Of the two formulas suggested for this disulii , 

I was considered more probable than II.' 05 


II, C S— CC.II, 

\l II 

C CII 

/I 1 T 

HiC, S— CC.Hi 

I 

CII, 


"A A A* 

C c 

iuc y s CH=cc,n. 

CII» 


Subsequently, ft reinvestigation of this work led to 
hat the two reactions represented in the accompanying eq 


_ ie Reaction*. S, 83, John Wiley A Son*. New York, W6. 

'“ Willgerodt and Merit. J. prakt Chcm.. < 2 >' ,0 „ 2 
™ Willgerodt and Scholt*, J. prakt. Chcm., (2). 81, 382 O®*®- 
”• WiUgcrodt and Hambrecht, J. prakt Chcm '&>'*%** <19I0) * 
«« Bogart and Herrera, J. Am. Chcm See.. 48. 23S (1923h 
w AhIhimi. J. Am Chcm. See.. 49 . 223 (1B26). 
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involved in acceptor, copper 

tie yteld ™ *— *> 


CtHsCOCHj 




CeHjCCHi -r CsH 5 C 

v II 

c C 


CH- CCeHs 

' / 

HS 


^ JCeH, 1 

g 

cocr ior Since “anhvdroaeetotihenone disulfide can be prepared in 

*- 1 “ . , , ™is,io mtn an etnanoiic 


solution of acetophenone, me overau yieiu - TN ^ 

X-7C7 Bv a similar method, 2 , 4 -bis(p-methoxyphen>l)- , - 

thiophene can be prepared from p-methovvpropiophenone m jc 

vield. 1 ” 

TABLE V 

- — - f\~p \exx» 

Thiophenes by Reaction- of Abtl Methyl Ketones vtth selfid^- 
Aleyl Ketone Anils * a th bui-EVE 






CjHjC-'CE, — NCiHj ,Sifzriir!>-:«* 

C,Hi<: CHi=NC,EyrSr-5 I Sl£=k 253-2B* 
CtSiCCHi^NC^CHr-; it 

CtEiCOCE; Esr EO. in 

li C* 5 '-C:”’'! tj --tt - 1 

&rr=== cmin mm- 


CiHsCOTH: 

C^HiC CiEC=NCiHs 
U-KritULtiiiedtr CiHsC-'CjH:~Vf=NCU 


(NHY-rS it I!i - in ! 25 

{NEt-nSitilVin 


lm&*£jks-£>- 7*=^ ^v=yx:,E/:cc : H 


C,EiC.'CjH:-nr=NC,Ei Sn2= 11 rx-=0" 


J3 


-S -r ECl in «im=' SS 


CiT.rE”.', X. At-.- Crjrr-i. Stk-, 66 , G?l ( 1944 ). 
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That the reaction actually involves the two steps outlined above is 
indicated by the results of an experiment in which a solution of "anhydro- 
p-methoxypropiophenone disulfide” in xylene was refluxed for three 
hours. The solution, which became deep purple, was evaporated at 
reduced pressure, and the residual brown oil was dissolved in ethanol. 
Storage of the cooled solution did not yield a crystalline product. How- 
ever, when the cthanolic solution was refluxed with added copper chro- 
mium oxide catalyst for two hours, 2,4-bis(p-methoxyphenyl)-3,5-di- 
methylthiophcne was obtained. 107 


Thiophenes by Miscellaneous Cyclization Reactions 
Hydroxythiophene derivatives have been prepared by cyclization 
reactions \\ hich have not been extensively studied. One method in\ o \ es 
the condensation of an a-hnlogenatcd fatty ester I with the sodio deriva- 
tive of a /3-mercaptocrotonic ester II, followed by a Dieckmann cj c 
tion of the condensation product III to give the 3-hydroxythiophene 


„ CH, R' 

COjCjH* \ / 

rchci + / 0==C \ 

NaS COiC,H» 


C,H»OCO CH. 1 

i 1 y 

RCH C=C 

\/ \ 


COjC.H. 


rI^ JcHCOjC.Hs 
S I 


III 


B y this method ethyl 3-hydroxythiophene-5-acetate (\ ) 

hom ethyl /9-carbethoxymcthylthiocrotonate (VI), ethy - J ' * 

thiophene-5-a-propionate (VII) from ethyl 

^methylcrotonate (VIII), and ethyl 3-hydroxy-2-methyIth>opbene4>- 


C.H.OCO CH, 

CH. C=CCOjC*H, 

\/ i 


‘U 


JHC0 2 C,Hi 


VI, R - H 
VIII. R - CU« 
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CjHsOCO CH ; 

CH-iCH G=€HCO*C s Hs 

\/ 

s 

HO,, 


C-H s OCO CH 3 

j ! 

CH ; CH C=C(CO ; C*H 5 ); 

\/ 

s 

XI 

/ 


HjC\ ^CHiCO s C 2 H s 


EX 


S-Hvdroxv-5-phenylthiophene (XU) has been prepared bjhea Wri- 
the carboxymethyl ester of .S-phenyl-^-(carboxj-methTlthio)thioac^ 

acid ( NTTT ) with a mixture of sodium acetate and acetic anhydride ^ ^ 
the evolution of carbon dioxide was complete. Decomposition 01 t _ 
reaction mixture with water yielded the intermediate 3-acetoxy -o- 


-OH 


H 5 C^s 


xn 


CH COSCHaCOsH jpCOCH 3 

C«H=C CH-CO.H H s C t \ > 

\/ S 

5 

XTTT XTV 

phenylthiophene (XTV) which was hydrolyzed by either acid or l * 1 
to 3 -hydroxy-o-phenylthiophene (XU). 1 * 

2.4-Dihvdroxythiophenes (thiotetronic acids) are prepared by re-c 
tions somewhat similar to those described above. When a-facetyl o- 
glycolyl)acetoacetic ester (XV) is treated with alkali, it cyclizes > 
transesteriScation to 3-acetyl-2,4-dihydroxythiophene (XVI) or a-acet. 


CO CHCOCH, 

CH» C0 2 aH s 
'^‘SCOCH, 

XT 


HO 




7 COCH 9 

l " 0? 


HO 



COCHj 


xn 


xm 


HO: 


-,C0 2 C,H 5 


HO 


1=1 FriefT-trycg 


XVHI XtX 

. EeSx&siaVi. Br-.. 45, 33S9 (1912). 
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ylthiotetronic acid (XVII). 109 Acetylthioglycolylmalonic ester cyclizes 
similarly to ethyl 2,4-dihydroxy-3-thiophenecarboxylate or a-carbeth- 
oxythiotetronic acid (XVIII), which can be hydrolyzed and decar- 
boxylated to thiotetronic acid (XIX). 

TABLE VI 


Thiophenes by Miscellaneous Ctcuzation Reactions 


Tbiopbane 

Starting Malarial 

Experimental 
Condi twin 

Vrld 


1 4-Dihy <lro ty -3-acetyl- 
2.4-Dihydroxy^cwbathoiy. 

Cn,COSCH,COCH(COCH,>CO,C,Hi 

CH,coscH»cocn(COrf:.Hi)i 

NaOtt diluta aobition 
NaOH. ddut* aolution 

: 


WjCOjC.ir. 




^L^3cn(cn,)co,CjH, 

CH,C-C(CHOCOAa* 

SCHiCOjCtBi 

Na in dry brnaana 


27 

H*X g JcH,C0 2 C,H, 

CIT aC=CHCOiCiH i 
icH(CH»)CO^:jH» 

Na in dry banana 


V 


ch,c=c<co,c,h»)i 

icH(CHj)COiCjHa 

nO/^H^CICaHa^ECOSCH^OiH 

CHiCOjVa + 

(Ca^CO)iO. at 100* 

- 

id] 


PREPARATION OF TETRAHYDROTHIOPHENES 

Tetrahydrothiophenes from 1,4-Difunctional Compounds and Sulfides 
Reaction of 1,4-Dihalides with Sulfides. The preparation of tctra- 
hydrothiophencs by the general reaction of 1,4-difunctional coropoun 
w ‘th alkali metal sulfides is typified by the preparation of tctrahyclro- 
thiophene (I) in nearly quantitative yield by ^reaction o ci 
diiodo- or dibromo-butane with potassium sulfide. 1 • ie 


BrCHjCHiCHjCIIjBr ^ CHr — Cllj 
ICII*CH*CHiCH,I CH« /Cllj 


Binary. Brr., 46, 2103 (1913). 

v on Br»un »nd TrQmplar. Brr^ 4J. M5 (1910). 

Host ud Conn. Oil and Gan J~ SI, 17 (1933). 

CnshWvicU-TroUumov.dui. J. Kum Phgf. CUn. 

(1917)1. 


Sac.. *3. 


901 (1916) 1S - 
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, , 4 _flihalide with a sulfide is generally carried out in aqueous or 

0 \ ;^Trion Tetrahydrothiophenes with a variety of substituent 
aS S'l, Xeto, aod carhop have been 

Pr ^e^5^ s ^ted tetrahydrothiophenes that can be made by this 
include 2-methvltetrahydrothiophene from 1,4-duodopentan 

rfniteomopeaZe by reaction trith either s.dinm suMtle or po«- 
- ’ QU lfide 113 3-methyltetrahydrothiophene from 1,4-di rom ^ 

™ % , ’ i.. an< i meso-2,5-dimethyltetrahydrothiophene from 2,o- 

di b rom obexane . m The higher alkyl dihalides are also used satisfactorily^ 

both 2 5- and 3,4-di-n-propvltetrahydrothiophene are prepared m /o 
yiekl from^ 4,7-dibromodecane and 1 ,4^iibromo-2 J 3-di-n-propylbutane, 

r& 3 > 4^Dihvdrox}'tetrahydrothiophene (II) is prepared m ol% yield 
from l,4-diehloro-2,3-dihydroxybutane by reaction with sodium - 
fide iw 3 4-Dichloro- and 3,4-dibromo-tetrahydrothiophene (III) ■> 
be made by the action of hydrochloric and hydrobromic acids on 
dihydroxy derivative II in welds of 32% and 25%, respective j - 

HOCH CHOH (Br)ClCH CHCUBr) 

I I 

CHj CHj 

\/ 

S 
II 

3, 4-Diethoxy tetrahydro thiophene (IV) is prepared by refluxing an 
ethanol solution of 7neso-2,3-diethoxy-l,4-diiodobutane and pota-.si 
sulfide. 115 

C-HsOCH CHOC-Hs CH : CO 

I 1 I 

CH- CH; 

\/ 

S 

V 

3-Ketotetrahydrothiophene (V) is made in 22% weld from a-chloro- 
methvl 0-iodoethyl ketone. 117 

Both dl- and 77ieso-tetrahydrothiophene-2,5-dicarboxylic acids t / 
are prepared from the corresponding dl- and meso-dibromoadipic aci s } 
reaction with sodium sulfide in about 90% yields. 11 ’- 




r- von Braon. Brr.. 43 , 3220 (1910). 

Marvel and William. 8 , J. Am, Soc., 61 , 2714 (1939). ^ 

Kilmer, Armytronc. Brcr/m, and du Vigneand. J. Biot. Chtm., 145 , 495 (194-)* 
Patterson and Karabino*. U. S. pat. 2,400,430 [C. A., 40 , 44S4 (1940)]. 

Karrcr and Schmid, Heir. Chim. Acta. 27, 110 (1944). 

^ Fredda, J. praki. CUm., 150 , 124 (1933). 
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(Jti, — uu. vm 

I I TSl 0 

HOjCCH ,CIICOjH | 

v, C \/ CU 

vu 

The lactone of 4-hydroxytetrahydrothiophene-2-carboxylic acid (VII) 
is obtained from a-bromc^-chloro-yvalerolactone by treatment first 
with potassium iodide to replace the halogens with iodine and t en wi 
sodium sulfide. 11 * . 

Ethyl 4~keto-2-phenyltetrahydrothiopbene-3-earboxy!ate (Mil) » 

the product (67%) of the reaction between ethyl a-benzyhdene-7-chioro- 
acetoacetate (IX) and an ethanolic solution containing sodium ethoxide 
and saturated with hydrogen sulfide. 130 

00 CCOjCjHi OC CHCOjCjH* 

CHjCI CHC.H, CH* ^CHC«H» 

S 

ix vnI 

2,5-Diketotetrahydrothiophene (X), thiosuccinic anhydride, ^ is 
tained from succinyl chloride by treatment with sodium su e. 

CIIj — CH, 

t I 

OC CO 

\/ 

s 

x 

Reaction of a 1,4-Disulfuric Acid Ester with Hydrogen 
1,4-disulfuric acid ester has been used instead of a , , 

synthesis. This variation is the preparation of 3 ,-4-diamin° >d 
thiophene (XI) in 25% yield from 2,3-diaminobutan^l,4-d>suUunc a 

ester (XII). 131 

l&CH -CHNIh ^ II.NC.I— CIINH. 

CII.OSO.-CH.OSO.- CH. CH. 


lu CKim. A<*a. *T. J42 (1044). 

Karrer and I\fhrer. . . c/krm . Soc., 66. 1033 (1W4). 

“ Surtry. IUnmtr, and .u rr.J. 103 (1944). 

m Kilmer and M cKrnroa. c 
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CrtBattai of S-Substituted Meraptototyl Halides. Alkyl a»d arj-1 
reaction. CH , — CH 2 


RSCHuCHuCHiCHsX 


CHj CHj 

\/ 

S+ 

/ 

R X- 


XIII, R - CeHi, X = Br 
XXV, R = CjHs, X - Cl 


Hvdroxvbutyl sulfides react with fuming hydrobromic acid gi 
the cyclic sulfonium halides. For example, when phenyl o-hydroxy 5 
sulfide is dissolved in an excess of fuming hydrobromicacid, P J 
tetramethylenesulfonium bromide (XIII) is formed 122 e .JT° henv i 
isolated as the bromoaurate (90%). The corresponding chlonde, phe > o 
5 -chlorobutyl sulfide, cyclizes in 50% aqueous acetone solution 
to form phenvl tetramethylenesulfonium chlonde. 123 Similarly, - 
5 -chlorobutyl sulfide cyclizes to give about 50% of ethyltetramethv 

culfonium chloride (XIAO- 111 , , • „„:,i 

TDi-S-benzyloxj’butyl sulfide (XV) reacts with 48% hydrobronuc 
to form 6-hydroxybutyl tetramethylenesulfonium bromide (X\ V- 

CH2 CHj 

(C e H 5 CH 5 OCH ; CH 2 CH 2 CH 2 )^ -> i I 

xv CH 2 CI1 2 

\ / 

S-f 

/ 

HO(CH 2 ) 4 Br- 




Experimentai, Conditions 

In the preparation of homologs of tetrahydrothiophene from 1, 
diiodobutanes or 1 ,4-dibromobutanes and sulfides, the dihalide is E en ^ 
erallj' dissolved in ethanol or water and an aqueous or ethanolic so ution 
of sodium or potassium sulfide is added. With diiodides the reaction 
may proceed satisfactorily at room temperature, 113 but with dibromi c ~ 
higher temperatures are usually necessary. 114 To isolate the pr u '"^ 
when ethanol has been the solvent, the reaction mixture is diluted wi 
water and the solution is extracted with an immiscible organic so ' en 


1=3 Bennett and Maizes, J. Chun. See.. 1930, 2304. 

13 Bennett, Heath coat, and Mow, J. Chsrm. Soc.. 1929, 250*. 
134 Bennett and Hock. J. CKtm. Soc.. 1927, 477. 
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Special precautions are sometimes necessary, as in the synthesis of 
3-ketotetrahydrothiophene. 1 ' 7 In this reaction the ethanolic solution 
of a-chloromcthyl 0-iodoethyl ketone is treated ivith a saturated aqueous 
solution of sodium sulfide, and the reaction is allowed to continue in an 
atmosphere of hydrogen and in the absence of light for about five days 
or until the color of the mixture disappears. The solution is then 
neutralized with ncetic acid, and the solvent distilled in vacuum. The 
3-ketotctrahydrothiophene is isolated as the semicarbazone. 117 

Another technique is used for the preparation of 3,4-diaminotetra- 
hydrothiophene. The aqueous solution of 2,3-dinminobutane-I,4-di- 
sulfuric acid ester and sodium sulfide is heated in a sealed tube at 140 
for three hours; the solution is then acidified and the 3,4-diaminotetra- 
hydrothiophenc isolated as the picrate, the diacetyl derivative, or the 
dibenzoyl derivative.” 1 


Experimental Procedures 

3,4-Dihydroxytetrahydrothiophenc. l,s To a solution of 4 9 g. of 1,4- 
dich!oro-2,3-dihydro\ybutane in 35 ml of water at 60-70°, about 18 g. 
of sodium sulfide (Na 2 B-9H 2 0) in 5 ml. of water is added in portions 
with stirring, the reaction mixture being kept at 50-60°. The mixture 
is then heated for two hours on a steam bath. The solution is cooled 
and acidified to Congo red with 20% hydrochloric acid. The water is 
evaporated under reduced pressure. The nearly dry residue of organic 
material and salt is extracted repeatedly xxith absolute ethanol, me 
ethanol extract is evaporated in vacuum, leaving a crystalline residue. 
This residue is dissolved in chloroform, leaving behind extraneous mate- 
rial, and the chloroform is evaporated. The chloroform residue is dried 
ever phosphorus pentoxide and is then sublimed in small portions m a 
molecular still at 3 mm. to 4 mm. and a bath temperature of 95 . 
sublimate weighs about 1.9 g. (51%). After several sublimations, 
flusters of fine prisms of the product are obtained which melt at 
to 58°. 

dl-(frans)-Tetrahydrothiophene-l,5-dicaiboxylic Acid. A solut 

8 g. of sodium hydroxide in 200 ml. of water is co °5 ’ ’ 

and 30.4 g. (o.i mo le) of dW-dibromoadipic acid and a slight exce 
f ^talline sodium sulfide are added. The reaction m^ure is aUow 
to stand for twenty-four hours and is then acidified wuth sulfur c acid^ 
The sulfur that precipitates is collected on a filter, and . of 

extracted with 400 ml. of ether in eleven portions. By , e ' P 
the ether extract, 15.9 g. (90%) of crystalline acid is ob - 
metallization from a mixture of ethyl acetate and benzene 
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TABLE VII 

Tetb.vhtdboth3ophejtes feoh 1,4-DiFCscnosAi/ CoirpouN'DS akd Sulfides 

In this table the alkyltetrahvdro thiophenes are listed first. They - are followed 
by the oxygen-containing derivatives, the nitrogen-containing derivatives, and the 
sulfonium salts. 


Tctni-rdrctiSojisSES 

1,4-Difcrcdona! Cczzpyzsd 

i Rt2T*Z^5 Ssd 

[ Ccndhicn* 

Yi*!d 

r c 

Eefer- 

esos 

-SU. 

I CH jCH -CH jCH ;I 

1 K-? cr Nz*3 in zqatons 

QszntS- 

no. in. 



l ziseisl 

tztrre 

112 


BXH-CHiCHiCa.E.- 

! Nz»S crs zq. zSn£ol 

— 

112 

3-Mrliyi- 

ICEjCHjCHsCEICE* 

Eg is z!»£o! 

— 

113 


ErCH;CH^H^CHBrCHj 

Ki;S in aq. ilalo! 

— 

112 


CH-BrCHiCE'CH^CE-Br 

Ki'S in a/ 5 . a!»ioi 

— 

m 


(CHjCH3rCH0 2 

in zn. s&Ia&o! 

— 

112 


(CHjCH^CHjCHBrCHJj 

Xz ? 5 in eihmoi it r*fn 

tt 

m 

SM-RjeepyJ- 

C3tCHjC3;CHCH;2.- 

CHiCE;CH^HCH ; Br 

N’aiS is eiisso! si rednx 

77.5 

m 

S-Erto- 

ICHjCHiCOCHsCl 

N*-5 in z.-?. etnzno? in Eyd-cr 

15 

117 



r» stxaes&ert is zieesss . 
of h%si 


| 

S^S-TXfceto- 

C.COCErCH^lOa 




<5 

3.4-K-rrfroi-- 

XCE-CEOECEOHCE.X'X - CL Er) 


51 

115 

2-5-D:»rbxrr- <2 

i .ViO.-CUiiB.-CK^SXEB.-CO.Nz 

>»s?S is vzisr. «>!d 

53 

115 

(£T3U) ««W ffiLf) 

f£crr-e«) 



3.4-I»i!b«7- 

■ (r^ICHASW-EilCHtOCjHitCH.J 

KjS in ethanol • 

— j 

U5 

Lsctccj* of 4-tydroiy- > 

CE-CXHCE-CKBrCO 

KI t&md by Xz;S 1 

— 

119 

2-n*ri>3ZT- ' 

' 1 

0 



5-Fhssy 1 
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water, the pure product weighs about 9.3 g. and melts at 165-166°. It 
is soluble in water and ethanol; it is difficultly soluble or insoluble in 
chloroform, carbon tetrachloride, and the hydrocarbons. 

3,4-Di-n-propyltetrahydrothiophene. m One hundred and twenty-five 
milliliters of an ethanolic solution of sodium sulfide, prepared according 
to the method of Bost and Conn, ,a is placed in a 200-ml. three-necked 
flask equipped with a dropping funnel, a stirrer, and a reflux condenser. 
The solvent is heated to boiling and the stirrer started. Then 14.7 g. of 

1 .4- dibromo-2,3-d i-n-propylbutane in 15 ml. of absolute ethanol is 
added from the dropping funnel over a period of one hour. Boiling is 
continued about ten hours; the reaction mixture is cooled and poured 
into 265 ml. of 25% sodium chloride solution. The organic material is 
extracted with petroleum ether (b.p. 35-38°), the extract is dried, and 
the solvent is evaporated. The product is distilled at reduced pressure. 

3.4- Di-n-propyltetrahydrothiophene is obtained in 77.5% yield, p. 

65-6671 mm.jdjo 0.9129; 1.4830. 


Tetrahydrothiophenes by the Dieckmann Cydization Reaction 
The Dieckmann condensation or cydization of esters of dibasic acids 
is a general method of synthesis for 3-kctotetrahydrothiophenes and has 


CHR'-C=0 

I I „ 

CHR" CHR 

\/ 

S 

thus been employed extensively for synthesis of the tctrahydrothiophene 
nucleus in research on biotin. The primary product of the 
synthesis is a 3-ketotetrahydrothiophene bearing in the 2 or posi 
a carbalkoxy group, which can be removed by hy ro jsis. r . 
relating to the nature of R', R", and R'" in this synthesis, and a ianan 
in which the thioether group is formed during the course of the reaction, 
form the subtopics of the following discussion. _ „ 

Cydization of Esters Having Unsubstituted a-Methy e • 

When neither a-mcthylenc group carries a substituent, as in 

ROjCCH C=0 CHi C=0 

ROsCCHjCHjSCHiCOjR —* I ^ + ^ CHCO.R 

\./ ’ V 


host »nd Conn. Org Synthes". CM Vol 2, »7 (1943)- 
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.. .. „„ tn v P nlace in both directions, giving both products II 

C> 1 IlTVort ^ several investigators has given the Mowing informa- 
“ thlcoS of the course of the eyclisation of the unsubsftuted 

“wheTthe dimethyl ester I (R - CHs) is cyclised by the action of 
rITmethoxide in dry ether or in methanol at room temperature or 

i° w a 75-80% yield of methyl 3-ketotetrahydrothiophene-2-carbox- 

] te fill R = CH 3 ) is obtained; there is a small amount of the isomenc 

yl \ f tt rR = CHbl. 1 - 6 ' 127 ’ 128 Esters of 3 -ketotetrahydrothiophene- 

2 -Lboxylic acid (in) are also the predominant isomers "' heD ^ e ”" g 0 
closures are carried out by the action of powdered sodium m benzen 
tTs^T2o^lo g ouLters (1). However, methyl 3 -ketotetrahydro- 
thiophene-4-carboxylate (II, R = CH 3 ) is the product of he cycl zation 
of the dimethyl ester I in dry toluene solution by the act ’ on ° 6127 An 
methoxide at 80-120°; none of the isomenc ester III is found, 
elevated temperature seems to bring about ^ ° prod uced 
ntlipr condensing agents are used also. Thus, II (R ^ 2 ^ 5 ) P 
in about 55% yield by the reaction of the diester (I) and sodium e iom 
in benzene solution at the reflux temperature. 131 

The cyclization of the diethyl ester I (R = C 2 H S ) by meaa ®° 0 
amide in absolute ether or by sodium ethoxide in toluene at 40-oU g 
mainly II (R = C 2 H S ); 117 - 133 the yields of this product were 64 /o 

72% respectively, when sodium amide and sodium ethoxide we 

The product, however, was a mixture as shown by the isolation o 
phenylhydrazones from the material. 132 On the basis of an analog} 
drawn from a study of the Dieckmann condensation of nitrogen-co 
taining esters, 133 II (R = C 2 H 5 ) has also been claimed 134 to resul r 
the action of metallic sodium upon the diethyl ester I in benzene so u 
These results are attributed to an electron attracting effect on ^ 
attached carbon atom by the sulfur atom in the system S ' 

Of IV and V, the two possible intermediary anions, V appears to e 


© 


© 


CH 3 0 2 CCHCH 2 SCH 2 C0 2 CH 3 ch 3 o 2 cch 2 ch 2 schco 2 ch 3 


IV 


12,5 “Woodward and Eastman, J. Am. Chem. Soc., 68, 2229 (1946). 

127 Woodward and Eastman, J . Am. Chem. Soc., 66, 849 (1944). 

128 Moore and Moore, J. -4m. Chem. Soc., 68, 910 (1946). 

13 Avison, Bergel, Cohen, and Haworth, Xature, 154, 459 (1944). 

130 Bergel, Haworth, and Avison, Brit. pat. 562,314 [C. .4., 40, 1179 (1946)]. 

1J1 Brown, Baker, Bernstein, and Safir, J . Org. Chem., 12, 155 (1947). , 

HoSmann-LaRoche, Brit. pat. 570,240 [C. A., 40, 5533 (1946)]; Karrer an 
Hclv. Chim. Ada, 27, 124 (1944). 

133 Prill and McElvain, J. Am. Chem. Soc., 55, 1233 (1933). 

134 Buchman and Cohen, J. Am. Chem. Soc., 66, 847 (1944). 
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more probable; it also seems probable that the anion V is formed more 
rapid!}' and its cyclization product III is the predominant one at low 
temperature under non-equilibrium conditions. At higher temperatures, 
"hen the reaction is allowed to proceed to equilibrium, a point is finally 
reached at which the isomer II, formed from the less probable inter- 
mediate anion IV, is the sole product. 

The condensation of diesters that have a substituent R' as indicated 
in structure VI usually leads to the expected products, since R' is not 
on one of the active methylene carbons. Wien ethyl /S-carbethoxymeth- 

ROjCCHsCHR'SCHtCO.R 


ylmercapt o-/S-pheny Ipropionn t e (VI I) in ethereal solution is treated with 
sodium ethoxidc at the temperature of an ice-salt bath for six hours and 
then at room temperature overnight, condensation takes place to form 

ethyl 3-keto-5-phcnyltctra!iydrothiop!iene-2-carboxylate (\ HI). 150 

CHr — 0=0 

CiHiO,CCII*C„(C»H,)SCII,COjCtH( - I „ UgH, 

\/ 


Cyclization of a-Substituted Esters. Ordinarily, the monosubstituted 
structures IX and X are expected to cyclizc in only one diction to 
give the 3-keto derivatives XI and XII. However, the nature of the 


RO|CCHR'CII*SCHiCOiR 


R'CII 0=0 

CH* CHCOiR 

\/ 


S 


ROjCCH 0=0 

R0,CCH J CH ! SCHR"C0,R -* jl HR » 

\/ 

s 

X XI1 

substituents H' or R" of .he dicster, IX or X influences ihe dhee.ioo 
?! ,lle condensation. When n strong!)- electronegative group ^ 

!>>e activity of the adjacent -CH < group is enhanced -md rttoct»M 
“J the condensation to the exclusion of the other a ' a j Iab . (h -.. 
C ^< group. For example, the thioanilide of ethyl carbethoxj 
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. . nr ttt\ rea cts with ethyl chloroacetate in the presence of 

m ?,™ stSS to form diethyl 3.ket«-phenylimmotetr«hycboth,o- 

S pte“rf,ldiea*oxyla te (XIV).'” Similarly, the thioanilide of ethyl 

-f CH(C0 2 C 2 H 5 ) 2 ■ 


C 2 H hO-’CCiVCl 


/ 


c=nc 6 h 5 


oc- 

I 

HoC 


N v / 


-C(C0 2 C 2 H 5 ) 2 

(>=NC6H5 


HS 


C 2 H 5 OCO 


ch 2 

\/ 

s 


/ 

xm 

CH(C0 2 CoH 5 ) 2 

<>=NC c Hs 


XIV 


cyanomalonate (XV) reacts with ethyl chloroacetate to fo ™ t 

cyano-3-keto-5-phenyliminotetrahydrothiophene-4-carboxylate V >■ 


C 2 H 5 0 2 CCH 2 C1 


/CN 


o=c- 


HS 


/ 


/ V 

‘0020205 
C=XCeH5 




CN 


CH X 
1 X. 


CH. 

\/ 

s 


■C0 2 C 2 Hs 

c=nc 6 h 5 


xv xvi 

When one of the active methylene groups of the diester I has a 
stituent such as an alkyl group or an acylamino group, the acton 1 13 
this substituted methylene group is decreased, and the unsubsti 
active methylene group functions in the condensation, 'yius, e 
3-keto-2-methyltetrahydrothiophene-4-carboxylate (XHI) is o tam 

bv the condensation of ethyl a-(2-earbethoxyethylmercapto)propion 

(XVIII) in the presence of either sodium amide 136 at 40-50° or me a 


C0 2 C 2 H 5 

I 

CH* CO2C2H5 


CH; CHCH 3 

\/ 

s 

xvra 



CH 2 — c=o 


CH* CHCH 3 CH 2 CHCHs 

\/ \/ 

S s 

xvn xix 

1= Ruhemann, J. Chem. Soc., 93, 621 (1903); 95, 117 (1909). . and 

“Karrey and Schmid. Heir. Chim. Ada. 27, 124 (1944); Scbnider, Bourqmn, 
Grussner, ibid., 28, 510 (1945). 
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sodium suspended in bcnienc. ,M The yield from the reaction using 
sodium amide is 4S9c- u ‘ Tlie decarboxylation of the keto ester XVII 
to3-keto-2-methyltctrahydrothiophenc (XIX, Sl^c) takes place readily 
during hydrolysis. 1 * m Similarly, ethyl 3-kcto-4-mcthyltetrahydro- 
thiophene-2-carl>o\ylatc (XX) is the product of the reaction between 

ethyl a~methy)-i3-(carl'cthoxymcthylmerrapto)propioiiate (XXI) and 

sodium cthoxide in toluene solution at the temperature of a hot water 
l*th. u ' The corresponding -1-ethyl derivative, ethyl 4-ethyI-3-keto- 
tetrahydrothiophene-2-carlwxyIate (XXII) is obtained in a GG% yield 
from the die-ter XXIII by reaction with sodium cthoxide in toluene at 
•JO-SO", and in a 30^ yield by reaction with sodium ethoxide in ether. ,w 

RCH 0=0 

c,ii,o,ccimcH,'ciitCO,c.ii. — I |I( ' 1ICOifiIIi 
\/ 


Reactants having larger alkyl groups and substituted alkyl groups 
cycliie sati-factorilv. For example, ethyl o-(2-earbetho\y e 3 - 
mercapto)-«-mothovycnproatc (XXIV) cyclires readily in the P««* 

of sodium ethoxide to ethyl 3 -keto- 2 -( 4 '-methoyvbuty!)tctnihjdroth 

phe ne-1 -ca rboxy la t e (XXV, S07c)- Hydrolysis and dcearboxybtion of 

the latter compound give 3 -kcto- 2 -( 4 ^raethaxybutyl)tetrah)droth 

P**ne (XXVI, 77 < 7 C ).'“ 


00,0,11. 

1 

CII, CO,C,Il» 


CH, CII(CHj)«OCHj 


CH* CI!(CIIj)«OCHi 

\/ 


CH, CIKCHd.OCH, 

\/ 


Uraon. .Sw,,* Kem TU.. 87, 24 (IMS) 1C. -4- *&-** 
Gh«,h, McOmie. »nU Wilson. J. Ckrm. Soc . 1»45, .05- 
Schmid. Hrl, ('Aim. Ada, 17. 127 (10-41). 
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4d4 

An alternative synthesis of the ketone XXVI is of fetam* 

a- (2-carbethoxy-2-methoxyethylmercapto) -e-mcthoxycapro ^ ( 

reacts in the presence of sodium ethoxide m toluene at 40 to form an 
unidentified substance, apparently the cyclization product > XX\ • A ( d 
" lrnlvsis and decarboxylation of this product give the 3-heto-A4 

metlmxybutyl)tetrahydrothiophene (XXVI).- Since both methylene 

o-rnuns of the ester XXVII are substituted, and a Claisen-type conde 
tion is not expected to take place, it was concluded that the a-me oxy 
group was lost before ring closure occurred. The yield ot tn 

^ Ethyl 3-keto-2-(3'-phenoxTpropyl)tetrahydrothiophene-4-carboxjlate 

(XXVIII) is the product of the cyclization of ethyl o-fZ-carbethwO 
ethylmercapto)-5-phenoxyvalerate (XXIX) with sodium et oxi e 
benzene (85%). 11(1 The corresponding benzyloxy denvatne, J 

2-(3-benzyloxypropyl)-3-ketotetrahydrothiophene-4-carboxylate (XAA, 

67%), was prepared similarly from the diester XXXI. 140 


C0 2 C 2 H 5 


C0 2 C 2 H 5 


CH, CO 2 C 0 H 5 CH C=0 


CH, CH(CH,) 3 0R 

\/ 

s 

XXIX, E = C(sH 5 
XXXI, R = CtHiCH. 


CH 2 

\ 


CH(CH 2 ) 3 OR 


XXVIII, r = C t H 5 
XXX, R = CeHsCHi! 


By the same general method, the following 3-ketotetrahj drothio- 
phenes have been prepared: ethyl 2-(4'-acetylbutyl)-3-ketotetra 1} r0 " 
thiophene-4-ca rb oxylate (XXXII); 140 ethyl 4-carbethoxy-3-ketotetra- 

hydrothiophene-2-propionate (XXXIII, 67%) ; 110 ethyl 2-(4'-cyano- 
butyl)-3-ketotetrahydrothiophene-4-carboxylate (XXXIV, ^ 74 7o) > 

ethj’l 4-carbethoxy-3-ketotetrahydrothiophene-2-valerate (XXX%^ 

89%) , 141 - 14 ” 143 and the corresponding methyl ester XXX\'I (S0%)- 


C0 2 C 2 H 6 


CH- 


-C=0 


CH 2 CH(CH 2 ),COCH 3 

\/ 

s 

XXXII 


co 2 c 2 h 5 

I 

CH C=0 

CH. CH(CH 2 ) 2 C0 2 C 2 Hs 

\/ 

s 

XXXIII 


140 Cheney and Piening, J . Am. Ckcm. Soc., 67, 2213 (1945). 

111 KarTcr, Keller, and Usteri, Heir. Chim. Ada, 27, 237 (1944). 

142 Cheney and Pieninp, J. Am. Cfu*m. Soc., 66, 1040 (1944). 

143 Cheney and Pieninc. J. Am. Chcm. Soc., 67, 731 (1945). 

144 Baker, Querry, Bcrnrtcin, Safir, and Subbarow, J. Org. Chem., 12, 16# (1947)- 
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C0,c,ll, 

CO,R 

CH C=0 

| | 

CII C=0 

CH, CH(CII:) 4 CN 

CII, CII{CH,),CO,R 

\/ 

\/ 

s 

s 

XXXIV 

XXXV, R - Cilli 

xxx\ i, n - cii. 


Use of S-carbalko\ymethyl ethers of N-acylcysteinc in the Dieckmann 
cyefization reaction provides diestcrs with the a-acylamino substituent. 
When L-N-bonzoyI-£-(carbomethoxymcthylmercapto)aiantne methyl es- 
ter (XXXVII) in methanol solution is treated with sodium metho\ide, 
the sodium salt of cnolic methyl 4-bcnzamido~3-kctotetrahydrothio- 
phene-2-carboxylate (XXXVIII) quickly crystallizes, and an 89% yield 
is obtained.'” Similarly, ethyl -t-acctamido-3-ketotctraliydrothiophene- 
2-carboYylato (XXXIX) is prepared bj- cyclization of K-acetyl-0-(car- 
bothoxj-methylmcrcapto)alanine ethyl ester (XL) in toluene solution in 
the presence of either sodium ethoxide or sodium amide. 14 * 


NHCOC.H, 

OH COjCIIj 

CH* ^CH,CO,CH, 

s 

xxxvrr 

NIICOCII* 

CH COjCjHs 

CH, CIIjCO.CiHi 


NHCOC.H, 

Cll CO.Va 

I I! 

CH, CCOjCII, 
\/ 
s 

xxxi nr 
NIICOCII, 

I 

CII CO 

I I 

CH, CHC0 2 C,H, 

V/ 


More highly substituted tetmliydrothiophene derivatives can also be 
prepared by this cyclization reaction. Ethyl 4-benzamido-3-keto-5- 

methyItetrahydrothiopiicnc-2-carbovj-hte (XLI) was formed from ethyl 
«-benzamido-^carbetboxymethy!mercapto)butyrnte (XLII) in ethereal 
dwihViuir Ay- Ahr inaAinr .n f .snduim p.thnxide. 147 .Etfjxl -ir-hciuamuby*- 

lu Harris. Wolf, Moiingo. Anderson, Arth. Easton. Hoi 1. Wilson, and Folk era. J. Am 
Chem. Sc c ,68, 1758 (1944): Hams, Fast on, lie jl. Wilson, and tollers, find, ft, 1757 

"L „d Fchmid. *rf.- <-<•<•■ '’<'«■ >’■ “SO «««- 
w Brown. Safir, Baker, Bernstein, and Dorfman. J. Or(r Chem . 13, 4<t3 (1947). 
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(carbcthoxymcthybiicrcapto)suberale (Mil) under similar conditions 

_ , TT 


NHCOCeHs 

CH CO-C-H* 

CH 3 CII CH-CO-C-Hs 

XL1I 


NHCOCeHs 

CH C =0 

1 | 

CHjCH CIICO-C-Hs 

\/ 

s 

xu 


cvclized to ethvl 4-benzamido-2-carbethoxy-3-kctotetrahydrothiophene- 

5-valerate (XLTV). m 


NHCOCeHs 
OH CO2C2H5 


NHCOCeHs 
CH 0=0 


C-HsO : C(CH-) 4 CH CH-CO-C-Hs C.HsO-C(CH;LCH^ ^CHCO-C.Hs 

V S 

XLIII 

The “ketone cleavage” of these 3 -ketotetrahydrothiophenes to remove 
the carbalkoxy groups takes place readily and in good 3' ie J d f‘ 5 . t 
V ses are carried out in dilute mineral acid, sometimes contami g _ 

50% acetic acid, by refluxing the solution until the decarboxy a 
complete. Labile groups such as carbalkoxy and cyano groups m , 

hydrolyzed during the reaction. 141 ~„ mnm inds. 

Syntheses from cuMercapto Esters and Unsaturated Comp 
The formation of the thioether group by the addition of a mercap an 
an olefin can be utilized to carry" out a Dieckmann synthesis of a - " e 
tetrahydrothiophene from an a-mercapto ester and an a.6-unsatura 
ester (or nitrile) without isolation of the intermediate thioether. 
ethvl thioglycolate (XLY) and 2-hexenonitrile (XL VI) in benzene so 
tion condense in the presence of sodium ethoxide at the reflux tempe^ 

ture to form 3-cyano-4-keto-2-n-propyl tetrahydrothiophene (XL )■ 


CHCN 

i! 

C-Hs 0 3 CCH-SH -f CH(CH,),CH, 

XLV XLVL 


o=c- 


-CHCN 

! 


CH- CH(CH-)-CH 3 

\ / 
s 

xivn 

ie Safe. Bernstein. Baker, McE-wen, and Snbbar<rx, J . Org. Chrm. t 12, 4*5 (1047). 
Baker, Quercy, SaSr, and Bernstein, J. Org . Chem .. 12, 13S (1947"). 
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Similarly, ethyl thioglycolate condenses with ethyl 2-hcxenoatc to form 
ethyl 4-keto-2-n-propyltetrnhydrothiophenc-3-carbo\ylate (XLVIII, 
66%), and with methyl G-phenoxy-2-hcxcnoatc to form methyl 4-keto- 

2-(Y-pheno\ypropyl)tctrahydrothiophenc-3-carboxylatc(XLIX,72%). H 

0=C CIICOjCjH* 0=C CIICOsCIIj 

CII, CII(CH,),CII, CHi CH(CHt)iOC»IIi 

V V 

XLVIII XUX 

These are the products expected by analogy with the reaction of ethyl 
thioglycolate with the unsaturated nitrile (XLVI). On the ot icr mm , 

the condensation of methyl ^-{carbomcthoxymcthylmcrcapto)subcrate 

(L) in toluene solution when treated with sodium methoxii ® 11 ™ 1M 
temperature gave both possible products, LI (07%) and I L { /W- 

Similarly, ethyl /3-(carbcthoxymcthylmercapto)butyrate (I/I ) £ 

in the presence of sodium ethoxido to ethyl 3-kcto-5-mct iy c r 
thiophcne-2-carboxylato (LIV) when the toluene solution was 
on a hot water bath for five hours. 1 ” 


CHiOjCCIIjCHSCHiCOjCIIj 

011,0,0(011, ) 4 


CII,0,C(CII,),CH ^CHC0,CH* 
S 

LI 

011,0,0011 — 0=0 

CII,0,C(CII,).C1I^ ^CII, 


0,11,0,0011,011(0115)8011,00,0,11. ■ 


CII«CH CIlCOjCjII, 
\/ 

8 


LIU 

A number of reactions have been described in " h' c *' , o.kctotetra- 
ester i 8 condensed with methyl acrylate to form an 

.In, *n<I Baflr, °’ a 

""Brown. Arm.tron*, Moyer, An.iow, Baker. Qoorry, I 

12 - IW (1047). ,. 0l6) IC.A., *0, SUl <1M0>I 

“‘Larson and Dah!,tr6m. Hten* Kt m. TM, 61, 211 (I0W l 
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pared by allowing methyl «-mercapt<>^l»ho.m>x. £ ^ ^ 

wilh ! n^t^; 1 , ;‘°7;l , '^r^mJ > ^^ < "no.i^-r^f:r-chlorophr.noxypropyl)- 
mcthoxide. I' 1 • • , riVlI )’ 15 is obtained from 

-">■ — - 


cn 3 o : ccn 

I! ' 

CIIj 


/ 

IIS 


co.cih 

1 

CIKCHttsOCeHt 


CHjO ; CCH 


0-0 

CH: CII(CHj)»OCtH» 


l.vi IA 

methyl 4K-arbomcthoxy-:U : etotctrnhydrotlm 

77 C 0 ) 1*' from methyl a-mercaptoadipate and methyl acrj U • 

r\ 

CIIjO-CCII 


CHs 

s 


•c=o 

CII(CH:)sOC e H t Cl 


ClIjO-CCH- 


CHs 


c= o 

i 

CH(CHs)iCO : CHi 




LVIl 


Experimental Conditions 

In general, yields in the Dieckmann condensations that jg« vc ^ 
tetrahvdrothiophencs are good, ranging from oO c to au ^- 
SL'to bo no notable variation in yield tvith the eiae or nature »f ® 
substituent groups. The “ketone clenvage,;’ which bangs t »to» 


7 C - 


SUDSIRUCUU , . , *ii cn Qn 

carboxylation, takes place in equally high or higher yields, bU » u • - , 

procedures employed in these syntheses are the ones common J 
Claisen-type condensations; effective condensing agents me u - 
alkoxide, sodium amide, and metallic sodium. In some cases, s; 
oxide is used with an inert solvent, such as toluene; 

in others, ethanol is used as a solvent . ,ss - : 145 The yields seem to e ^ 
lively unaffected by the choice of solvent. When sodium alko. ^ ^ 
sodium amide with an inert solvent such as ether, 11, toluene, xx ene, ^ 
or benzene 140,1,3 is used, the ester is generally added to a suspen-^ 
of the condensing agent in the inert solvent at room temperature- ^ 
mixture is agitated until the sodium alkoxide or amide is in so u 10 ^ 
then the mixture may be heated at slightly elevated temperatures^ 
allowed to stand at room temperature to complete the reaction. ^ 
mixture is usually worked up by pouring it into an acidified ice mr 
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fl nd extracting the product. Copper clielates may be used to purify 
crude ketotetrahydrothiophenecarboxylic acid esters . 1 * 6 - 1 * 5 When eth- 
anol is the solvent, the sodium salt of a ketotetrahydrothiophenecarbox- 
ylic acid may crystallize from the reaction mixture . 1 * 5 


Experimental Procedures 

Methyl df-4-Benzamido-3-ketotetrahydrothiophene-2-carboxyIate 

(Sodium Salt). 1 * 5 A solution of sodium methoxide prepared from 57 g. 
of sodium nnd 100 ml. of methanol is added to a solution of 770 g. of 

N-benzoyl-/3-(carbometho\ymethylmcrcapto)aIanme methyl ester in 500 
mb of methanol. The sodium salt of enolic methyl dM-benzamido- 
3-ketotetrahydrothiophene-2-earboxylate crystallizes quickly. After 
one hour, the salt is collected on a filter and washed with methanol, then 
with ether, and air-dried; yield, 663 g. (89%). 

Ethyl 3-Keto-2-(4'-methoxybutyl)tetrahydrothiophene-4-carboxyl- 

ate. lw A suspension of sodium ethoxide in toluene is prepared b> 
dissolving 1.2 g. of sodium in 3.05 ml. of absolute ethanol and adding 
30 ml. of dry’ toluene. This suspension is covered by a nitrogen 
Pbere and protected from moisture while 7.88 g. of ethyl a-(2-carbeth- 
oxyethylmercapto)-«-mctho\ycaproate is added dropwise. The reaction 
mixture is heated nt 45-50° for six hours, and then allowed to stand at 
15° for one hour, during which time the sodium salt of the koto es er 
crystallizes. The mixture is poured onto ice; then the solution is acidified 
with 4.5 ml. of acetic acid and extracted with a large volume of ether. 
The ethereal extract is washed with sodium bicarbonate solution and 
Water nnd is then dried and evaporated m vacuum The residue is 
distilled at reduced pressure. Ethyl 3-keto-2-(4'-methoxybutyl)tetm- 
hydrothiophene-4-earboxylatc distils at 115°/0.01 mm. The average 
yield is 5.49 g. (80%). . 

2-(4'-Metlioxjb»tjl)J-ketotetr«liydrothit.phi!iie. The decarboxyla- 
tion of ethyl 3-keto-2-(-f-melhoxybutyl)tetrahydrothiophene-4-car- 

boxylate is accomplished by relluxing for three hours m a nitrogen . .tm«- 

Phere a mixture containing 20 g. of the ester, 40 if " ' Iric add i. 

. , , _ . * concentrated sulfuric acid. The sulfunc acid is 

etic acid, and S ml. , ]ium bicarbonate, and the solution 

neutral, zed noth an cgu, a^ent of , he „ etio „ id . The aqueous 

“ 'XHhSltandextmctedn-ithether. Theethemal 

oncentrate is satu t d ,,,,,1,,,., bicarbonate solution and water, 

extract ,s "ashed noth „ s ;j„e is fractionated at 0 05 

mm.; 3 2-^-rncthoxybutyI)-3-ketotetrahydrothiophene distil, at 102- 

103°. ■nie.vemgojHeldiall.Sc. <•?%)• 
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5nyl-3-carbcthoxy-4-kcto- ClCH 2 COC(COjC } II»)=CHC e IU 
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NHCOC.II, -CI!(CII*)Cir{N'HCOC|iri)CO t CjII| NaOCjII, in <lry 
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Tetrahydrothiophenes by Catalytic Methods 

Tetrabydrothiophene and a few of its homologs have been prepared 
from the corresponding tetrahydrofurans by passing a mixture of the 
tetrahydrofuran and hydrogen sulfide over an aluminum oxide catalyst 
at an elevated temperature. Sufficient examples of this reaction have 
not been reported to justify considering the reaction a general one. In 
the existing examples, the yields of the products are 60-70%. 

Tetrahydrothiophene (I) is obtained in a yield of 90% by passing a 
mixture of tetrahydrofuran (II) and hydrogen sulfide over aluminum 
oxide, preferably at 400°. U2 - ,i3 In like manner, tetrahydrothiophene is 


CH 2 CH 2 

i I 

CHj CH 2 

\ / 
o 

II 


H-S 


4 


ch 2 — ch 2 

I ! 

CH 2 CH 2 

\/ 

s 


HOCH 2 CH 2 CH 2 CH 2 OH 

m 


HOCH 2 CH 2 CH 2 CH 2 CI 

iv 


obtained in 62% and 95% yields, respectively, from tetramethylene 
glycol (III) 154 and tetramethylene chlorohydrin (IV;. 152 

Alkyl-substituted tetrahydrofurans have been found to react similarly. 
2-Meth%'ltetrahydrofuran (V) is converted to 2-methyItetrahydrothio- 
phene (AT) in 69% yield by reaction with hydrogen sulfide over alumina 
at 400°. Ii5 2-Ethyltetrahydrofuran (VII) and 2,5-dimethyltetrahydro- 
furan (VIII) react with hydrogen sulfide under similar conditions to give 
2-ethyltetrahydrothiophene (IX) 155 and 2,5-dimethyltetrahydrothio- 


CH 2 CH- CH 2 CH 2 


CH 2 CHR — > CH 2 CHR 

\ / \/ 


0 s 


V. R = CHj VI, R = CHj 

VII. K = CjHi IX, R = CjH s 


u! Yur'er, Minaehev, and Samurskava, J. Gen. Chem. UJiJSJl., 9, 1710 (1939) [C. A., 

34, 3731 (1940)]. 

Yur'ev and Trono-.-a. J. Gen. Chem. UJ5JS.R., 10, 31 (1940) [C. A., 34, 4733 (1940)); 
Yur’ev and Profcina, ibid.. 7, 1S6S (1937) [C.A., 3Z, MS (1935)1, 

*“ Yur'ev and Medovshclukov, J. Gen. Chem. U.SJi.R., 9, 628 (1939) (C. A., 33, 7779 
(1939)]. 

I s Yur'ev, J. Gen. Chem. U.S.S.R.. 8, 1934 (1938) \C. A.. 33, 5545 (1939)]. 

“■''Yur’ev, Gusev, Tronava, and Yurilin. J. Gen. Chem. V-SJi.R., 11 , 344 (1941) [C. A.. 

35, 5593 (1941)]. 
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phene (X, 6S%). IW An increase in the number of the carbon atoms in 


CHt — CH, CHj — CH, 

[I II 

H*CCH CHCn, -> HjCCH CHCH, 

\ / v 

0 8 


the side chain of the furan is said to result in decreased yields of the tetra- 
hydrothiophene.‘“ 

TABLE IX 

Tetrahtdrothiophenes bt Catalttic Methods 
The starting material and hydrogen sulfide were pasted over an alumina catalyst 


at the temperature indicated. 


Tetrahydrothiophcnc 

Starting Material 

Temper- 

ature 

•c. 

Yield 

Refer- 

ence 

Tetrahydrothiophene 

2 

j? 

3 

| 

400 

90 5 

67 

152 

153 

2-Methyl- 
2-Elhyl- 
2, 5-Dimethyl- 

ClCHtCHiCHjCHjOH 

HOCHjCHjCHjCIIjOII 

2-Mcthyltetrahydrofuran 

2-Ethj It el rahydrofuran 

2,5-Dimethyltctrahydrofuran 

400 

400 

400 

390 

400 j 

95 

62 5 

69 

63 

152 

154 

155 

156 

157 


Tetrahydrothiopheaes by Miscellaneous Methods 

Tetraethyl tetrahydrothiophenedl,3 1 4,4detriicnrbo'rylatefI)hasbe«i 

characterized as the product ot the react, on be area etnre M e than^ 
ysis of the tetracarboxyhc acid ester ^ PJ 

tetracarboxylic acid IV at 140-160 . nrenired in about 

T™ 2, M ithi„no,e,rahyd,o,hiophcacs atn been J-H - ^ 

87% yield by the reaction of bromine 
» W„. T„.. BW. -cl b t>- - — - “■ ■“ 

lC ~ i" ",S. Buena .nd W-A A «* «-• UX « <>«-’>■ 
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(C,H £ 0 : C)-_CHCH(CO,C : H s )j 

n 


ClCfTSCTTCl 

m 


(C 2 H s O ; Cj-C C(CO : C 2 Hj) 5 

i I 

CH 2 CHj 

I 


HO ; CCH CHCO.H 

i I 

CH : CH. 

\/ 


i 

(HO.C)iG C(COjH)- 

1 i 

CH» CH' 

\/ 

S 

IV 


sodiomalonate and ethyl sodiocyanoacetate, respectively. 1 ” The reac- 
tion has been postulated to take place as folio vs: The xanthates IT and 
YH, believed to be formed first, react in the presence of bromine to 
give tetraethj’l 2,5-dithionotetrahydrothiophene-3.3,4,4-tetracarboxyl- 
ate (VIII), and diethyl 2,o-dithiono-3,4-dicyanotetrahydrothiophene- 
3,4-dicarboxylate (IX). respectively. 1 - 0 


Na[CH(COiCjH s ) 2 j — > NaSCCH(CO ; C-H s l. 

s 


vi 


(C 2 H 5 0i C) : C CfC0 2 C 2 H s )j 

i » 

SC cs 

\/ 


VIII 


Na(CHCNCO-C;Hj) > NaSCCH(CN)CO ; C ; H 5 -> 


S3, 3341 (1GOO); 34, 1043 (1031). 


CN CN 

i { 

C-EuOtCC CCO.C;Hi 

1 i 

SC cs 

\/ 

g 

IX 
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3,4-Diehloro-3 ,4-dimcthyI let rahyd rothi ophene (X) has been prepared 
in about 1% yield by the action of sulfur dichloride on 2,3-dunethyl- 

1, 3-butadiene (XI)" 1 3,4-Dichloro-3-methyltetrahydrothiophene (XII) 

was obtained similarly from isoprene. 1 ' 1 


CHt=C(CIIj) — C(CHj>— CII j • 


CH, 

I 

-CCl 
, ! 

CH, CH, 

\/ 


CH, 

I 

> CIC— 


CHf=CHC(CH,)=CH, - 


CII, 

. cicn - CCl 

I I 

CH, CII, 

\/ 

s 


2 -Ketotetrahydrotliiophene (XIII) or y-tliiobutyrohctono has to 
made by the slow distillation of 7 -mcrcaptobutync acid (X )• 

HSCHjCH.CIIjCOjII -» CH,— CII, 

CII, CO 

\/ 


2,5-Diketotetrahydrothiophonc (XV), Jc 

formed readily when an aqueous solution of potassium 
(XVI) is acidified with sulfuric acid.'" 


KSCOCHjCIIjCOSK - 


» CH* — CH, 

| I 

OC CO 

\/ 


xvi xv 

“ Backer and Strut ing, fror-cWia.. M. ^ 11A< No. 7. 22 pp <"»°> 

M Hohnberg and Schj anberg, Ktm • 

[C.A., 88,2113 (1011)1 
>« WcacLtky, Be'., 8, 51S (18C0). 
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TABLE X 

TmBAHTDEOTHIOPHE.S'ES BT MISCELLANEOUS METHODS 


B 

Stirtins Mitral 

i 

| R^ttrrr-t! *nd 

| E rp^r: tr-ft: t.rl 

j 

S ! 

! YfeM ’ 

I * ! 

i 1 

E*re- 

entt 

j 

3,3,4 ,4-T e trsearbe tboxy- j 

fCiHsO^j^rHCHfCOK^Hir; 

f ! 

: XfcOC^Hs in > 

i i 

J 27 i 

155, ISO 


; Hr (CCK-i-S 


! j 


2^D:tUcr^3^^.4-tei- l 

-'■ryCH'COrCiEi’ -J 4- CS; 

; Er; U CS; 

i Sto j 

160 

rc tt=.rbe* Lcrxy- 

f 


J 33 | 



I Xs'CHCNCO-t^Hp -j- CS; 

i Br; a CS; 

&7 j 

160 

3,4-d:r2.rL-e*.hGij-- 


\ \ 

| 


z.i-D-esm^ekfs- 

j CHr=C:CH;:CH=CH; 

l SCI: m rttr/n-n j 

1 1 

i 

I Cl 

3.4-IH;Lioro- 

| CH;^=0'CH:'.C'CE2)=CH2 

j j 

{SC* is p9tro:«=i! 

i ! 

I Cl 

3.4-dim»rtfcyl- 


! i 

; 


2-K~*jy- 

J H5CH jCHjCH ;CO:H 

i s>.^ di-.tms-.- i 


1C2 

2 .VDikeSo- 

! KSCOCH^CH^OSK 

\ HiSO* in s^ters ' 


163 


i 

i 

| sclstSot: ; 

t . 

1 



One method of preparing tetrahydrothiophenes, vrhich does not in- 
volve formation of the heterocyclic ring and is therefore beyond the 
scope of this chapter, requires mention. Tetrahydrothiophene and a 
number of substituted tetrahydrothiophenes have been prepared by 
catalytic hydrogenation of thiophene and substituted thiophenes over 
palladium-carbon or palladium-barium sulfate . 355 The tetrahydrothio- 
phenes prepared in this vray have not been included in Table X. 

114 Mozteito. n.Trrii, Wolf, Ko5hi rte, Jr„ Eastern znd Foliers, J. Am. Cfjem. Sc*z.. 67, 
3392 ( 1945 ;. 
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INTRODUCTION 

Lithium aluminum hydride,* one of a group of recently discovered 
complex metal hydrides, is a useful and convenient reagent for the 
selective reduction of various polar functional groups. It is used in 
diethyl ether solution, less commonly in higher-boiling ethers, following 
the conventional procedures for syntheses employing Grignard reagents 
which the hydride closely resembles in its general pattern of behavior. 
Normally, the reactions proceed with extraordinary rapidity and are 
relatively free from side reactions. The principal limitation on yield is 
the loss entailed in isolation of the product. As in Grignard syntheses, 
the reactions usually give rise to intermediate metal alkoxides from which 
the desired products are liberated by hydrolysis. 

The types of organic compounds reduced by lithium aluminum 
hydride, and the nature of the reduction products, are set forth in 
Table I. Certain of the reactions indicated in the table are known to be 
quite general; others are known to be subject to definite limitations, as 
the later discussion will show. Still others can be substantiated as yet 
by such a limited number of observations that generalizations would be 
premature; the data pertaining to these will be presented in the tabular 
survey without comment. 

It is perhaps equally important to define the functional groups that 
are not reduced by lithium aluminum hydride, but this cannot be done 
without qualification as to experimental conditions or without recogniz- 
ing that there may be exceptions. Under normal operating conditions 
the following types are reduced either slowly or not at all: alcohols, 
ethers, ketals, carbon-carbon double and triple bonds, diaryl sulfones, 

♦ The first account of the reactions of lithium aluminum hydride was presented in a 
joint paper by Finholt, Nvstrom, Brown, and Schlesinger before the Symposium on 
Hydrides and Related Compounds at the Chicago meeting of the American Chemical 
Society, September 10, 1946. The subject matter of this paper was later published in a 
paper by Finholt, Bond, and Schlesinger (ref. 56) dealing with the discovery of the reagent 
and certain inorganic applications, and in a series of three papers by Nystrom and Brown 
(refs. 10, 27, and 36) dealing with organic applications. 
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and dialkyl peroxides. Some of the exceptions, particularly those in- 
volving the reduction of double bonds, will be specifically noted later. 


TABLE I 

Functional G sours Reduced bt Limn Aunmw Htdbide 



Aldehyde 

Ketone 

Quinonc 

Epoxide 

Ester 

Lactone 

Carboxylic acid 

Anhydride 

Amide, — CON'H* 

Amide, — CON 1IR 

Amide, — CONRi 

Nitrile 

Nitro (aryl) 

Nitro (aliphatic) 

Aioxy 

Anil 

Nitroso 

Acid chloride 

Alkyl halide 

Disulfide 

Sulfoxide 

Sullonyl chloride 

Sulfonic ester 


Primary alcohol 
Secondary alcohol 
Hydroqumonc 

Alcohol 

Primary alcohol 
Diol 

Primary alcohol 
Primary alcohol 
Primary amine 
Secondary amine 
I Tertiary amine 
1 Aldehyde 

I Primary amine 

I I mine (aldehyde) 
Aio compound 
Amine 

Aro compound 
Amine 

Ato compound 

Primary alcohol 

Hydrocarbon 

Thiol 

Thioelher 

Thiol 

Various products 


It has been reported, reference 42a. 


that 1 mole of Uydr.de a reqmred 


MECHANISM 

The constitution of lithium yd^Mchit closely resembles 

reasoning by analogy w ith hthium obscrvatlons on the crystalline boro- 
in properties and reactions. A-n - ronsisting of lithium ions and 

hydride point to.va.d « point stru^ XSlI hydnd. is possibly 

tetrahedral borohydnde ions. L _ wit is reasonable to suppose 

somewhat less polar than the borohydnde, but 
* Harris and Meibohm, J. A» Chrm. Soc., 69, >- 31 



472 


ORGANIC REACTIONS 


that in ether solutions it exists largely as ionic aggregates of strongly 
solvated lithium ions and aluminohydride anions (A1H 4 ~). 

Nearly all the normal reduction reactions involve the displacement of 
a strongly electronegative atom (0, N, halogen, etc.) and the accession 
of a hydrogen atom to the electron deficient center, usually a carbon 
atom. Assuming the reactive species to be the aluminohydride ion, the 
most plausible mechanism would appear to be one in which hydrogen 
is transferred as hydride in a bimoleeular nucleophilic displacement.- 
Illustrated with reference to the reduction of an epoxide, the initial step 
would occur as shown in the equation. It is probable that the neutral 

\ / \ / 

C C—O- 

> ! 

A1H<- -f C -> AlHa -r H— C 

/ \ / \ 

aluminum hydride immediately coordinates with the alioxide anion, 
forming a new ion of the form A1H 3 0R — , which, by successive bimolecu- 
lar reactions of a similar kind with additional molecules of the reactant, 
is eventually converted to Al(OR) 4 — . In the general case it is by no 
means certain that the aluminum hydride formed in the first step must 
necessarily coordinate with the available anions and thereafter continue 
the sequence of nucleophilic displacements. In the reduction of certain 
alkyl halides, the reaction comes virtually to a halt after one of the four 
hydrogens of the original lithium alu minum hydride has reacted. 

The assumed mechanism is supported experimentally by the demon- 
stration of inversion of configuration in the reduction of epoxides, by 
the observation that the mode of ring opening in unsymmetrical epoxides 
is the same as in known bimoleeular nucleophilic displacements, and 
by a comparison of reactivities of alkyl halides. 1 The prediction that 
reduction of an optically active secondary alkyl halide by lithium 
aluminum deuteride would lead to an optically active hydrocarbon has 
also been verified. 3 Further evidence for the interpretation of reduction 
by lithium aluminum hydride as a nucleophilic displacement reaction 
is to be found in the mode of reaction with toluenesulfonic esters. 3 

A more complicated sequence of reactions is involved in the reduction 
of nitro groups, sulfoxides, etc., where the reactions are accompanied by 
the evolution of hydrogen gas. It is apparent that an initial transfer 
of hydrogen to a nitrogen or sulfur atom creates an active hydrogen 

z Trevoy and Brovrn. J . Am. Cler t. Soc.. 71, 1075 (1949). 

* EHsL J. Am. Cf^m. Soo^ 71, 3970 (1949). 

* Kenner and Murray, J. Ctjzm. Soc_ 1950, 405. 
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atom, which must subsequently be removed by further reaction with the 
metal hydride. ... . . , . 

The reduction of double bonds, which occurs with cinnamyl alcohol, 
is known not to proceed by the addition of two hydrogen .toms s upplied 
by the hydride. Instead an aluminum atom becomes bonded to the 
ethylenic carbon atom nearer the benzene ring and a hydrogen atom 
supplied by the hydride adds to the other carbon atom of the ethylemc 
center. On hydrolysis the aluminum atom is replaced by hyd „ 
supplied by the hydrolyzing agent.* 


SCOPE AND LIMITATIONS 
Compounds Containing Active Hydrogen 
The use of lithium aluminum hydride '<>,* '"t” Tewedte" In 

the nctivo hydrogen in organic compounds wi no . . hydride it 

detail.*' 7 ' 1 From the standpoint of syntheses employing The 1 i t in d rt 
is important, however, to consider the reactions, the e* tort > to > ulu h 
they interfere with concurrent reductions, and means of avoiding 
interference when it arises. , , . 

In broad terms, any and all hydrogen atoms attached to nittogem 

oxygen, or sulfur am active hydrogens with respect To Mb 

hydride ond will react with the liberation of one: - » * b >f°f°J re 

and the consumption of one-quarter mo e o f t complete, 

hydrogen. So far as is known, 

provided the compound can be broug i “ ^ethylmagncsium iodide 
reactions parallel the «el HW* am notable 
(Zerew itmoff procedure for act i en olizable compounds. For 
differences in degree and in the re * p . 0D j y one mole of methane 

example, primary amines orthnariy ^ hydrogen are formed with 

from the Grignard reagent, but t 

the hydride.* liberated by enolizable substances 

It is probable that the hjd =• t ent. Tliis is a consequence 

corresponds very close* to the with one by replare- 
of the rapid reaction with bot . ther b y reduction, thus effectively 

ment of active hydrogen and w mcsitvlenC( although it reacts with 

freezing the interconvcrsion. mcthanei reacts normally with the 

methyliuagnesium iodide o contcn t.» However, some mtnles 

hydride and shows a negligible cnolic c 

. . rk^. Sec , 70. 31S4 (WS). 

* Hochstrin .nd Brown. J . ~ ; cJ ^ &*._ 70. 4S8 (IMS). 

. KrynitsVy. IMS 0»»). 

’ Zau “ * nd ^ T «• 305 tm )- 

• Ilochstein. J. A»- CAr*»- *- 
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are reduced slowly by lithium aluminum hydride and some hydrogen is 
evolved as a consequence of the greater opportunity for enolization . 7 

The reaction of an end with the hydride presumably forms the lithium 
aluminum enolate, which upon hydrolysis will regenerate the original 
functional group. It is perhaps for this reason that the yields reported 
in reductions of malonic esters are not invariably good. A lithium 
aluminum enolate is probably formed during the reduction of a-angelica 
lactone which furnishes -y-acetopropan ol as the product . 8 The non- 
reduction, or partial reduction, of enol forms thus constitutes a limitation 
on the hy'dride process. 

Two aspects of the presence of ordinary active hydrogens (hydroxyl 
groups, amino groups, etc.) are to be considered. First, and incidentally, 
the wasteful consumption of reagent by such groups is undesirable. 
More important, if several such groups are present in a molecule the 
complex formed in the rapid reaction may throw the material out of 
solution before the reduction of other functional groups is complete. 
This difficulty frequently arises in the reduction of hydroxy acids and 
of amino acids. 

It is frequently necessary to convert hydroxyl groups to acetoxy 
groups in order to achieve ether solubility. During the course of the 
hydride reduction the acetyl groups are eliminated and the formation of 
highly insoluble intermediate products is not avoided, but it in ay be 
sufficiently delayed to achieve the desired result. 

Acylation of amino groups is effective in improving the ether solubility 
of amino acids but may lead to undesired products because the acylamino 
group is normally reduced to an alkylamino group by lithium aluminum 
hydride. However, the attack on the acylamino group may be rela- 
tively' slow, making possible a selective reduction such as that reported 
for the methyl ester of dibenzoylhistidine, which was converted to mono- 
benzovlhistidinol by selective reduction of the ester group.’ It is not 
clear in this example whether the removal of one benzoyl group occurred 
by reaction with lithium aluminum hydride or during the subsequent 
operations. 


Reduction of Aldehydes and Ketones (Table II) 

The reduction of carbonyl groups seldom presents any great difficulty, 
and the alcohols are obtained in uniformly good yields. Ketones, such 
as acetomcsilylcne 10 and hexamethylacetone,” that show steric hin- 
drance in their reactions with Grignard reagents and other nucleophilic 

’ Karrrr, Sutrr. nad Wascr. Heir. Chim. Ada, 32, 193G 

15 Ny.-Uom and Brovrn. J. An . Chen. Soc., G9, 1197 (1947). 

51 Coo*: and Percivd. J. An. CKrm. Soc., 71, 4141 (1949). 
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reagents behave normally toward the hydride. Cyclopentanone is con- 
verted to cyclopentanol in relatively poor yield (60%) by the normal 
procedure, 10 evidently because of the formation of a hig y inso u e 
intermediate product that removes active hydride from the solution. If 
the mixture is refluxed for one hour an 85% yield is obtained, 1 and in 
boiling tetrahydrofuran the formation of cyclopentanol takes place m 
nearly quantitative yield.*- 1 * , . , 

Unsymmetrical ketones introduce the problem of stereochemical 
specificity, owing to the appearance of a new asymmetric car on a om 
on conversion to a secondary alcohol. In the reduction o severa e a 
steroids, both epimeric alcohols are formed, 104 - 1 * but in con " e ^ 
the reduction of 7 -ketocliolestery! acetate it has been noted that the 
reduction proceeds "more efficiently and more imdommatebf m ons 
steric sense” than does the Meerwein-Ponndor - er ey re uc 1 • 
similar comment could be made with reference to camphor, 
the hydride reduction, is concerted almost csclusiv ely to . aob«me°l, 
but which, in the Meeru ein-Ponndorf-Verley reduerion, fom» 
hie amounts of bomeol and isobomeoi 11 It s a „ 

of amidone forms one of the two possible products to he eictent of 98%, 
the same product is formed by catalytic hy rogen • ^ 

chemical specificity shown in the reduction o ens _ s0 . 

benzoin) is augmented somewhat by conducting he reduct on* ^ 
(90% mesohydrehenzoin) ■ Both « and Iron, g ycoh '“”' d 
aeenaphthenequinone, and the composition o^the mixture is 
markedly inliuenced by the reaction **«»“■*; 

Although the hydride method lacks the spe v . method the 
that is characteristic of the 'tageous with reipect 

reduction by lithium aluminum h>dn anf i generally 

to the time required and the freedom i 

but not always with respect to > ield. eitmlficantlv higher, 

the yietd in the Meen^-P^W^^^X^ agent 

With respect to selectivity, sodium boro j ' .. Meerwcin- 

than lithium aluminum hydride, is comparable to the Meerwc 

Poruidorf-Verley method. 1 ’ „ 

. _• a., been reviewed by Wilds, Organ* 

‘The Meerwein-Poimdorl-Verley rdaowi. t 1S4-I 

Voi. n. ch.pi., s. Job. miy * 

» H.h.,1. .nd S.ae,, J. Am. CTree S«. «• 3 »“ 

" Nyrtrom. unpublished work. St. 2210 (IMS) . 

» Planner, Ileusser, and Feurer. Jdo , M . 2 65 U«9). 

“ Plattner. Heusser, and Kulkarm. ^ n> ^ (1M9). 

11 Fieser, Fieser, and Chakra varti, /• CT 

"Lund. Bn-.. 70, 1530 (1937); m u _ , C l*m. Soe.. 71. 57 (1919). 
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Certain ketones that are resistant to catalytic hydrogenation, e.g., 
isoamidone :o and the morpholinyl analogs of both amidone and iso- 
aniidone, 11 ’ have been successfully reduced by lithium aluminum hydride. 

Where it is desired to effect the reduction of other functional groups 
without at the same time reducing carbonyl groups, blocking of the 
latter may be accomplished in various waj's. The use of acetal deriva- 
tives is illustrated by the reduction of a sugar epoxide. :l A somewhat 
similar treatment of the problem is involved in a reported synthesis of 
17-a-hydroxvpregnenolonc, wherein the carbonyl group was protected 
by conversion to a ketal with ethylene glycol.- An alternative device, 
used in different forms by different workers, is the conversion of the 
carbonyl compound to a derivative of the enol form. Enol ethyl 
ethers, benzyl thio-enol ethers, and /3-hydroxyethyl thio-cnol ethers " 
have been employed. The use of the unsaturated bromo derivative, s£ 
which upon hj’drolysis generates a carbonyl group, falls in the same 
category. 

Reduction of Epoxides (Table HI) 

The reductive cleavage of epoxide rings has proved to be a useful 
synthetic procedure in the steroid field for introducing a hydroxyl group 
at the former site of a double bond. Catalytic hydrogenolysis of the 
epoxides frequently fails either because the epoxide is unaffected or, at 
the other extreme, the oxygen may be completely removed. Numerous 
applications of the hydride to the reduction of steroidal epoxides will 
be found in the tables. No failures have been reported. 

Unsymmetrical epoxides containing a primary and a secondary oxide 
linkage undergo mainly rupture of the primary linkage, forming second- 
ary alcohols. 1 Styrene oxide is converted almost entirely to a-phenyl- 
ethanol; 27 3,4-epoxy- 1-butene furnishes a mixture of 3-buten-l-ol and 
3-buten-2-ol, the latter predominating. 1 A secondary oxide linkage is 
attacked in preference to a tertiary, and the normal product from such 
a combination is a tertiary alcohol. 13 An exception to this rule has been 
reported; /S-cholesteryloxide acetate (I) yielded 20% of the expected 
product, 3^,5-dihydroxycoprostane (II), and 60% of the “abnormal” 
product, 33,6.g-dihydroxycholestane (III)." 3 The occurrence of inversion 
of configuration in the formation of III will be noted; inversion also 

20 May and Mosettig, J. Org. Chem., 13, 663 (194S). 

~ Prins, J. Am. Chem. Soc 70, 3955 (1943). 

22 Julian, Meyer, and Ryden, J. Am. Chem. Soc., 71, 756 (1949). 

25 Meystre and Miesclier, Heir. Chim. Ada, 32, 175S (1949). 

24 Meystre and Weitstein, Hdz. Chim. Acta, 32, 1978 (1949). 

- Rosenkranz, St. Kaufmarm, and Romo, J. Am. Chem. Soc., 71, 3639 (1949). 

22 Wagner and Moore, J. Am. Chem. Soc., 71, 4160 (1949). 

" Nystrom and Brown, J. Am. Chem. Soc., 70, 373S (194S). 

25 Plattner, Heusser, and Feurer, Hdz. Chim. Ada, 32, 5S7 (1949). 
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c,^ - no XjT + 

t n i« 

■ AU 1 2-cdovv-1 , 2 -dimethyIcyclohexane, the 

accompanies the reduction of li«P v ^ 
products in each case being trans alcohols. 

Reduction of Esters (Table IV) 

exploited reaction of lith'Oin al»min>>™ h>d ^ m unitormly 

thus far cover a wide range of types, . behavior have been re- 

good, and relatively few reports of anomalous behavror 

“ rfed - - /.Waled lemperatures for long periods) 

Under forcing conditions (elev . alcohol stage to the 

reduction may be carried bc> ' on t bKn mc onntcred under normal 
hydrocarbon," but this behavior lias not been 

conditions of operation. behavior of 3-carbetho\y- 

An interesting anomaly appears* uroduct, isolated in very 

4-ketoquinolizidine (IV), from which thinly prouu 
small yield, was 4-ketoquinoluulmc (v;. 

O^ C0 ' 0l,T ‘ * 

W UP in esters of dicarboxylic 

The selective reduction of “J *2^ groups are of comparable 

acids is evidently not possible i sufficient hydride to reduce 

reactivity. Diethyl sebacate, an rf unc hangcd ester. A suc- 

one ester group, furnished only the ? ca rbomethoxyl group m 
cessful selective reduction of A^gcetate (VI) is reported. 

dimethyl Cl V2-methyl-2-carboxycjclohexan ^ 

XHs * ^ 

I ^NcOjCHj 

^■^XIHjCOjCHs 


IOjCH. 

;HjCHjOH 


VI ; n which the a-carbon atom is 

The reduction of optically active esters addSi occu[3 , rit hout 

asymmetric, as in the esters of the natur 

* BoeVdheiv 


^ Sac. 71.879 (19«>- 

• and Rothfhlld. J- ^ tj, 3222 (1949)- 
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racemization. 55 Likewise, epimerizations due to labile a-hydrogen atoms, 
such as are known to occur in the reduction of esters of lysergic and of 
isolvsergic acids by sodium, do not occur in the hydride reduction.* 5 
The reduction of esters has been utilized as a means of recovering the 
alkoxv component where ordinary hydrolytic procedures might cause 
undesired racemization of the alcohol. 531 * 


Reduction of Carboxylic Acids (Table V) 

The reduction of the free carboxylic acid is generally somewhat less 
satisfactory than the reduction of the corresponding ester or acid chlo- 
ride. The acidic hydrogen consumes one-quarter mole of hydride in 
the initial reaction, and there is frequently formed an insoluble derivative 
which is slowly and sometimes incompletely reduced. A further dis- 
advantage is that the acid itself is often of very limited solubility in 
ether, necessitating long periods of extraction in order to introduce the 
compound. Some acids, e.g., aliphatic amino acids, are so slightly 
soluble in ether that even this technique fails. 



Podocarpic acid (ATI) was reduced to podoearpinol in 4.6% yield in 
two hours, and in 56% yield when the mixture was allowed to stand four 
days. 53 The ester and acid chloride of the O-methyl ether were readily 
reduced in 92% and 93% yield, respective!}*. Triphenylacetic acid is 
not reduced under ordinary conditions 5! but can be converted to the 
carbinol in good yield either by carrying out the reduction at a higher 
temperature, in tetrahydrofuran solution, 57 or by first converting to the 
acid chloride which is readily reduced under the usual conditions. 15 
Pivallc acid is readily reduced to neopentyl alcohol; 5 - slowness of reac- 
tion is therefore not invariably characteristic of tertiary acids. 

71 Harrer, Pcrx rr - arm , and S titer, Htlz. Chin. A. da, 31, 1617 (194S). 

c StcH, Hofmann* and S rh lf yn tz, H*lz. CfSn. Ada. 32, 1&47 (1243;, 
and J. An. Cr^rn. Sor-, 72, 147 

* Cram, J. An, Cfjnu Scc^ 71, 2563 U&45;. 

2 Zefs. Sssoroz, and Pasterns V. J. An. Cl^n. 70, 1£S1 (1&4S). 

* Kystrom sad Brcr^a, /- An. Cbm. 69, 254.S (l&47jr, 

c Hodhstem, "cck. 
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Reduction of Amides (Table VI) 

The normal reduction product “ ““^^"tiLTeStinS”” 

aluminum ^RCOXhTo RCHaWt. Exceptions have been reported 
conversion of RCOrsn 2 to iu^n 2 i 2 j-„,wiv.r.n 7 'imide and of 
in the formation of benzyl alcohol rom * 3 g.^ kenzamide is 

2-aminobutane-l,4-diol from ctM MP|W£| rf the diethyl 

converted to benzylamme m good j ■ , ]ier reduction of 

derivative should perhaps be ^ h^“f obtainins boar- 

the diethyl derivative was carried under conditions 

aldehyde as an intermediate reduction product and not under 

favoring reduction to the amine. bv any convenient 

Certain cyclic amines not avndable cyclic 

methods are notv easily PifP”"} r w-phenylsuccinimidc ” and cyclic 
amides, eg., phenylpyrrolidme from Vphen>.s 

polymethyleneimines from the » c,a “ s \ jn tte synthesis of the 

Aii interesting reductive cycj« atl ° n 
yohimbine skeleton, X from \ HI or ■* ■ 


vm . , lithium aluminum 

The amido ester XI, treated "‘‘JV ** for t he complete reduction 
hydride (0 3 mole) which would be ins gd the anli do alcohol XII 

of either the amide or the ester group, 
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The anomalous behavior of the methyl ester of dibenzoylhistidine, 
which loses one benzoyl group entirely while the other is unchanged, has 
been mentioned earlier. 


Reduction of Nitriles (Table VI) 

Benzonitrile and o-tolunitrile have been reduced to the corresponding 
amines in 72% and SS% yields, respectively. 17 Mandelonitrile and 
sebaconitrile gave lower yields (4S % and 40%. respectively) while 
lauryl cyanide gave a 90% yield of amine.-" 7 The lower yields are be- 
lieved to be due to the precipitation of intermediate products rendered 
highly insoluble through the bifunctionality of these substances. A 
more recent procedure describes the reduction of five aliphatic and aro- 
matic nitriles to the corresponding primary amines in high yields. 475 

The discovery ~ that the reduction of nitriles can be so conducted as 
to furnish aldehydes is certain to extend very greatly the utility- oi 
hydride reduction procedures. It also demonstrates quite clearly that 
the steps involved in the reduction of a nitrile are the following, where 

M - — 


RO=X 


ME M!i 

> RCH—NM s- RCH.XM- 


I HS3 


! SrO 


RCHO RCH.NH- 

The complete reduction of a nitrile, i.e.. reduction to the amine, may 
be slow or may require elevated temperature if no more than the calcu- 
lated quantity of hydride is employed, and a substantial excess is 
usually advisable. It is also advisable to conduct the reduction of ni- 
triles under nitrogen as there is evidence that the intermediate products 
are oxygen—ensitive. 77 The same is true also of the reduction of nitro 
compounds. 

Reduction of Halogen Compounds (Table VTTT) 

Replacement of the halogen atom of alkyl halides by hydrogen by the 
action of lithium al umin um hydride shows the general characteristics 
of nucleophilic displacement reactions, and the wide variation in the 
ease and completeness of reaction can be regarded as normal For prac- 
tical purposes, the reaction is limited to primary and secondary halides 
of the aliphatic type, and, among the halogens, the usual order of re- 
activity holds, i.e., iodides > bromides > chlorides 


te- 1S-23. 1043. p. 515. 


dies zzjz J. -~.n. Cfjtn. Soc., 73, 242 (12-51;. 


r.r-y--? Scczsr 
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Deviations from the normal replacement of halogen by hydrogen have 
been observed in the formation of olefins from 1,2 romi es an ‘■o 
tertiary alkyl halides. The normal reduction of d.phenylbromomethane, 
and of 9-bromofluorene, is accompanied by the format, on of d, men 
reduction products. Color phenomena and ot ^ e '* f". . . 

toward intermediate organometollic compoun s in eee 
Triphenylehloromethane, with caress hydride. ,5 Largely converted to 
colored organometallic derivative. 1 * 

Lithium aluminum hydride may act as a catalyst for , the reduce hoc of 
alkyl halides by lithium hydride." Alnmmum hydride formrf m the 
initial reaction of lithium aluminum hydride with t J 
re-forms lithium aluminum hydride by reaction with hthmm hjdnde. 


LLMII 4 + RC1 
A1H, + LiH 


• LiCl + AIH, 
, LiAlH, 


Ain* T ' 

The catalysis is essentially similar to ‘he “telytw j>j h‘h ^ 
num hydride of its own formation from hthmm h>dnde 
chloride. 

Reduction of Double Bonds 

There are several compounds in which reduction of a 

tional group is accompanied by the C0 ™P ^ V ith few exceptions, 

carbon-carbon double bond m the afi P conta ining the structural 
this behavior is confined to aromatic sys 
grouping ArC=CCO, or ArG=CX\- 

II I' .. Auction of the double bond has 

Among purely aliphatic compoun , conditions,* and with 

been observed with allyl alcohol un .j ^thylbutylaminc * 

a-ethylcrotonamide, 15 which is report ° t jj uxul gj One instance 
on prolonged treatment (twenty-four ours ^ namely, that 

of carbon-carbon triple bond rid*™ ■“ “S XIV." 
of 1- (1 '-cy clohexeny 1)- 1 -butyn-3-ol (XIII) 

Q w „, / Ss vca===CIICIIOHCH* 

|C=CCHOHCU. -» f Jj 
MV 

XIII J pvcn 

should h»\ e given £-«th> Ibutj Umine. , TO. SOW ( WS). 

M Johnson, Billiard. «od Csrhsrt, /- ^ 1507 
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The reduction of the double bond of cinnamyl alcohol occurs b\- way 
of an oxygen-sensitive intermediate organometallic addition compound, 
believed to contain a carbon-aluminum bond that upon hydrolysis is 
replaced by a hydrogen atom derived from the solvent. 5 This addition 
to the double bond occurs at a moderate rate at room temperature. 
Consequent^', it is possible to direct the reduction of the aldehyde, 
ester, etc., to give either cinnamyl alcohol or 6-phenethyl alcohol in 
satisfactory yields by appropriate choice of conditions. Likewise, the 
reduction of benzalacetophenone can be controlled so as to provide either 
the saturated or unsaturated alcohol. 

In some other substances of the cinnam\'l type, double-bond reduction 
appears to proceed less readily. p-Methylcinnamic acid furnishes mainly 
the unsaturated alcohol, 47 and even upon prolonged refluxing in diethyl 
ether with excess hydride conversion to the saturated alcohol is incom- 
plete. Coumarin is reported by one investigator 5 to be reduced mainly 
to 3-(o-hydroxyphenvl) propanol, together with some of the normal 
product, o-hy d ro xy c i nn a m v 1 alcohol, but another group 43 obtained only 
the normal product under all conditions tried. However, the same group 
observed double-bond reduction with ethyl coumarate, and in fact the 
abnormal product was obtained exclusively under all conditions tried. 
Ethyl acetoferulate (XV) was observed to form the normal product XVI, 
but the relatively low yield (43%, or 67% when isolated as the benzoate) 
does not exclude the possibility of some double-bond reduction. 45 


Oil iC"0 2 



H=CHCO;C;H s 


)/ \ciI=C 


HO(^ ^CII=CHCH-OH 

CHjO 

XVI 


Double-bond reduction is involved in the action of the hvdride upon 
perinaphthenone, benzanthrone. and ^-angelica lactone. 5 

In systems containing the grouping ArC=CX x , double-bond reduc- 

; i 

tion is represented by the formation of saturated amines from o.'-nitro- 
styrenes,- 7 -- 5 and by the partial reduction of the indole ring that occurs 
as a side reaction with methyl-substituted oxindoles. 51 Indole itself is 
not reduced by lithium aluminum hydride, but 1-methylindole and 
1,3-dimethylindole are converted to the corresponding indolines to the 
extent of 25-30% 51 Several other compounds containing the indole 
structure listed in the tables are reported to furnish the normal products. 

c Coffins, unpublished -vor:-:. 

a Karrer and Banerjea, Heir. Ct.im. Ada, 32, 1692 (1949). 

° Allen and Bvers, J. An. derm. Soc., 71, 26S3 (1949). 

“ Hamlin and Weston, J. Am. Cbm. Soc.. 71, 2210 (1949). 

s: Julian and Print;,-, J. An. Ci^rn. Soc.. 71, 3205 (1949). 
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Reduction of Heterocyclic Nitrogen Compounds 
As far as the limited data at present permit any conclusion, it may be 
inferred that the pyrazole ss and the imidazole M rings are s a e °'' a 
lithium aluminum hydride. In several successful reductions of nine- 
tional groups in pyridine derivatives the pyridine nag remains in ac . 
However, pyridine itseli is slowly attached with the fmmatmn of dl- 
hydropyridine," and phenanthridine is converted to 5,6-dih, drophen- 

“Se^ty iodides in the quinoline and isoquinoline series a " 1 "»fy 
reduced, the products being N-altyldibydroqumolmes or the analogons 
dihydroisoquinolines.“ 

THE LITHIUM ALUMINUM HTOBM REAGENT 
Formation and Properties of Lithium Aluminum Hydride 

Lithium aluminum hydride is fanned by 
hydride with nnhydrousnltiminum ehton ' in gaining some 

slurry of finely powdered lithium M" ft so , ution of aluminum 
previously formed lithium aluminum ta* ■ conditions, 

chloride is added at a rate 5U ® c,e '" t *° . . |t , hc addition is com- 
Stirring is continued for a considerable pened after t ^ (hi> 

plefe. Lithium chloride ® a „ t ed by filtration under 

together with the excess lithium hj dride, ' p chloride, is prae- 

nitrogen pressure. The yield, based upon aluminum cn 
ticnlly quantitative under favorable con reac tion is terminated 

If aluminum chloride is present m cx - ^ proba yy an inter- 

before completion, aluminum hydride is o alum inum hydride in 

mediate in the autoeatalytm formation of lithium 
accordance with the scheme shown be ow 


3LiAlU« + AlClj 
Lill + AlHi 


♦ 3LiCl + 4A1H» 

♦ LiAlH. 


Aluminum hydride remains dissolved in O n_ v olatile form containing 
eventually transformed to an inso u c, n rcdluclng agent towanl 
firmly bound ether. The soluble “^juble form is possibly a 

aldehydes, ketones, and esters, 
polymer of saltlike structure- 


“ Jones, J. Am. Clot. Soe.. 7t. *W ClW»- 

" J - A"- Chrm. &>*, Tt. ' w , r , ( 1915 ) 

“Woolen and McKee. J. A »»■ chem ‘ » »vi(lW9' 

» U .*1 Ihorw, 11,1: Z . >I.1'1 

“ Finholt, Bond, slut fehteanjer. J- - **• 
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Lithium aluminum hydride likewise retains ether tenaciously. In 
order to obtain a product substantially free of ether, it is necessary to 
heat the residue left after evaporation of the bulk of the ether under 
high vacuum at 70°. There has been no conclusive evidence that the 
intensively dried solid is not a mixture of lithium hydride and aluminum 
hydride from which lithium aluminum hydride slowly re-forms when the 
material is suspended in ether. 

Thermal decomposition of lithium aluminum hydride sets in at about 
120°, is rapid at 150°, and complete at 220° in accordance with the 
equation. 55 

LiAlH< -» LiH -f- A1 + I.5H 3 

The approximate solubilities of the hydride, in grams per hundred grams 
of solvent at 25°, are as follows: 55 


Diethvl ether 

25-30 

Tetrahvdrofuran 

13 

Di-n-butyl ether 

2 

Dioxane 

0.1 


The solid reacts superficially with atmospheric moisture and carbon 
dioxide. With water in large amounts it reacts in accordance with the 
following equation. 

LiAlH* + 4H-0 -> LiOH + Al(OH)* + 4H 2 
When the hydride is in excess the reaction takes the course: 8 

LLAIHLi -f 2H : 0 -» LiAlO. -f 4H- 

In ether solution, the hydride reacts slowly with atmospheric oxygen, 
liberating lydrogen. 8 

Preparation and Analysis of Solutions of Li thium Al uminum Hydride 

Stock solutions of the hydride are most conveniently prepared bv the 
following procedure. If the reagent is available only in lump form, it is 
crushed to a powder in a dry atmosphere. Grinding in a mortar should 
not- be attempted except with care and in an atmosphere of nitrogen. 
Avoiding as far as possible exposure to atmospheric moisture, the powder 
is transferred to a dry two-necked flask and covered at once with dry 
ether. The quantity of reagent and the volume of ether may be con- 
veniently taken so as to make up a 1 M solution, i.e., 38 g./l., a 5-10% 
excess of the hydride being added to allow for insoluble material and 
other impurities. 
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Tho rn.sk is equipped with . sealed stirrer, dri™n preferub^by an 

explosion-proof motor, and a P J°'4orous stirring, the 

drying tube at its open end. M l. mo ^ ^ (he ttae 

mixture is maintained under gentle reflu. . pirree 0 f sub- 

required being somewhat variable, depending »!»"*'* » ' of 

division of the reagent, the condition of the a ***, and togmdeot 
hydride. The technical grade mil lea'e discontinued 

residue of undissolvcd matenal, and the , 

when it is judged that the residue is 1,0 ' the preferences of the 

The procedure from this point may O ti tbe con tents 

operator. If the solution is to be clarified b y ned, mental, ■ i 
„f the Bask arc tmnsferred cylinder and 

Some gas is liberated by moisture o ^ gQOn subside s and the 

moisture picked up during the transfe . Alterna tively, the cap 

cylinder may be loosely stoppered o lime dry j n g tube. After a 

may be provided with an opening to t where sup cr- 

day or two, sedimentation will have prop- ti n , r By means of a 

natant liquid may be withdrawn either by; *?”**“ “/ aIld ihrough 
fitting which carries a delivery tubecxtcadmg.ntt >rtc hqu ^ 
which the liquid is forced by “ P J” ra , ion , a suitable procedure ,s 

If the solution is to be clarified by smtered-glass 

the following. The Biter is r^lnSTend nmale joint fitting 
funnel of the Btichner type hav mg sea ]cd to a reservoir large 

to the receiver and having the uppcr r v means of a connection 

enough to take the entire charge at one (nitrogen gas) is applied 

through a stopper in the opening, pre ®* , ban a few centimeters of 
cautiously. The pressure should no j s to be avoided, 

mercury if a high frequency of breakage of Wter_^ ^ ^ ^ jg dis . 

The sludge collected on the filter thcn caut j 0 usly adding wet 

posed of by covering with dry ^ ,ox ^ n _ when all the active hy- 

dioxane or a mixture of ethanol an * - ap p ara tus may be safely 
dride contained therein has been destroyed, the app 
cleaned with aqueous acid. . , , measurement of the hydro- 

Hydride hydrogen may be ctbcr solutions it 

gen gas evolved upon hydrolysis. vo]umc f or ether vapor came 

is necessary to correct the measu g ^ unccr tainty becomes e , 
over; this correction becomes sma , ^ throughout the de e - 

if the reaction vessel is immersed m ^ carried out in an appa 

mination. Alternatively the lij roj-a nm >ar»tion of solutions 
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mtus so designed that the gas volume remains constant and the increase 
in pressure is measured. 57 Here also, in order to avoid the change in 
volatility of ether with temperature, the reaction vessel is maintained at 
ice-bath temperature, but in this method no correction for the partial 
pressure of ether is necessary’. 


EXPERIMENTAL CONDITIONS 

Solvents. Although the great majority of hydride reductions have 
been carried out in diethyl ether solution, other solvents have been em- 
ployed to permit operations at temperatures above the boiling point of 
diethyl ether, or for other reasons. Of the common solvents, tetrahydro- 
furan has been a frequent and di-n-butyl ether a somewhat less frequent 
choice. 

Bis(/9-etboxyethvl)ether (Diethyl Carbito!) was chosen as the solvent 
for the reduction of radioactive carbon dioxide to methanol ; 55 here the 
problem of isolating a volatile reduction product necessitated the use 
of a non-volatile solvent. 

"Where the reduction is impeded by the formation of highly insoluble 
precipitates, an alternative to operating at a higher temperature is the 
use of N-ethylmorpholine, 5 which has good solvent characteristics not 
only for lithium aluminum hydride but also for the intermediate reduc- 
tion products. Unfortunately this solvent is not readily available in 
pure form, and the purification is somewhat troublesome. 

Pyridine is unsuitable because it is attacked by the reagent. The 
ethers, tetrahydrofuran and di-ri -butyl ether, are also attacked by r the 
reagent at elevated temperatures over a long period of time, but apart 
from the small loss of reagent this reaction causes no serious interference. 

Dioxane has been used rarely. It is not a particularly good solvent 
for lithium aluminum hydride, and moreover the isolation of products 
is complicated by’ its miscibility with water. 

Solutions of lithium aluminum hydride in solvents other than diethyl 
ether may’ be prepared by the direct method, which is slow, or bv addi- 
tion of the solvent in question to a diethyl ether solution followed by 
evaporation of the diethyl ether under reduced pressure. The latter 
procedure permits the preparation of more concentrated solutions, and 
the hy’dride is probably present in such solutions as the diethyl etherate. 

The purification of solvents for use in hydride reductions requires much 
the same care as would ordinarily be taken in work with Grignard re- 
agents. Freedom not only from water, but also from alcohols, alde- 

- Krymtsky. Johnson, and Carhart, Anal. Chem., 20, 311 (IMS). 

15 Xj-strom, Ysnko. and Brown, J. Am. Chem. Soc.. 70, 441 (1945). 
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kctonir, rston. etc., is total*. Treatment -itt 
completely remove these impurities but is * ' cm ^ y 0 [ higher- 

treatment with lithium aluminum hjdri . distillation 

boiling ethers niter tren.ment svitb 

shotiltl be used to avoid as much as P°ssi commercial 

«hich occurs on prolong 

tetrahydrofuran may require sc\cral prolo D ...injected to further 
to arrive at a product that will not discolor when subjectert 

treatment. . prs have used the hydride in 

Hydride Solution vs. Slurry. Most worhew ft , common 

the form of a clarified solution, but it i» stirrin" the solid 

practice to use directly the slurry that is o am h ° trans f ers 

hydride with ether. Tills avoids the troublesome filtrat .on, tn ^ ^ 
of material, and the sludge disposal. It is ' n ° be carried out only 
nomical procedure when hydride rt>t,u ^ lons routinely it is advan- 
occasionally. If such reductions are beu£ In those 

tageous to have a stock solution of kn ^ it is cssc ntial to 
rare instances requiring mvcrseaddit the stopcock 

have, if not a clear solution, one that will How iree y 
of a dropping funnel. n octants. In the normal pro- 

Altemative Methods of Introducing solution or slurry of 

ccdurc the substance to be reduced is a liquid or solid, soluble 

the hydride. If the substance to be reilucea i usually 

in ether, an ether solution is added m on ^ so iy 3 of limited 

vigorously exothermic, may be m era • material in the thimble 
solubility in ether, it is convenient to p arld the reflux con- 

of an extractor insert cd between the ” !ac » | iea t, the substance is 

denser; then, with the oPP ,ica f ,on 0 . CX . ids of moderate ether solu- 

evcntually carried into the reaction as . ,. t cx tractor, produce an 

bility, when handled in this way wi 1 a extractor reservoir dis- 

undesirably large surge of gas eac cont inuous-retum type 0 

charges its contents; for such compou 

extractor is preferable. _>irtants by means of a mechan- 

Some workers have introduced solid rea duced the solid manually, 
ically operated hopper;” others h 3 ' e 1 . bore re flux condenser, 

in small portions, through the opening m a de Ifc b usually. 

Alternative Methods of Dccoinposmg best accomplished 

hut u n t ; true that hydride reductions reduc tion, and 


Alternative Metfioas oi , t ; 0D5 are 

but not invariably, true that hy ron siimed in me **•” - . 

by having the hydride in excess o jg use d. The destruc 10 

occasionally quite a large excess ( 


■ Ehrlich, J. Am. Chrm. Soc . 70. 2 

® Neville, unpublished work. 


16 <19«S). 
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ratus so designed that the gas volume remains constant and the increase 
in pressure is measured . 57 Here also, in order to avoid the change in 
volatility of ether with temperature, the reaction vessel is maintained at 
ice-bath temperature, but in this method no correction for the partial 
pressure of ether is necessary. 


EXPERIMENTAL CONDITIONS 

Solvents. Although the great majority of hydride reductions have 
been carried out in diethyl ether solution, other solvents have been em- 
ployed to permit operations at temperatures above the boiling point of 
diethyl ether, or for other reasons. Of the common solvents, tetrahydro- 
furan has been a frequent and di-n-butvl ether a somewhat less frequent 
choice. 

Bis (jS-ethoxyethvl) ether (Diethyl Carbitol) was chosen as the solvent 
for the reduction of radioactive carbon dioxide to methanol ; 55 here the 
problem of isolating a volatile reduction product necessitated the use 
of a non-volatile solvent. 

Where the reduction is impeded by the formation of highly insoluble 
precipitates, an alternative to operating at a higher temperature is the 
use of FT-ethylmorpholine , 6 which has good solvent characteristics not 
only for lithium aluminum hydride but also for the intermediate reduc- 
tion products. Unfortunately this solvent is not readily available in 
pure form, and the purification is somewhat troublesome. 

Pyridine is unsuitable because it is attacked by the reagent. The 
ethers, tetrahydrofuran and di-n-butyl ether, are also attacked by the 
reagent at elevated temperatures over a long period of time, but apart 
from the small loss of reagent this reaction causes no serious interference. 

Dioxane has been used rarely. It is not a particularly good solvent 
for lithium ahuninum hydride, and moreover the isolation of products 
is complicated by its miscibility with water. 

Solutions of lithium aluminum hydride in solvents other than diethyl 
ether may be prepared by the direct method, which is slow, or by addi- 
tion of the solvent in question to a diethyl ether solution followed by 
evaporation of the diethyl ether under reduced pressure. The latter 
procedure permits the preparation of more concentrated solutions, and 
the hydride is probably present in such solutions as the diethyl etherate. 

The purification of solvents for use in hydride reductions requires much 
the same care as would ordinarily be taken in work with Grignard re- 
agents. Freedom not only from water, but also from alcohols, alde- 

" Exy-niukv. Johnson, and Carhart, And. Chm., 20, 311 (19 4S). 

K Nystrom. Yanko. and Brovrn, J. Am. Chm. Roc., 70, 441 (194S). 
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hydcs, ketones, esters, etc., is dcsiralrltr ^ “ n t™ toTftal 

completely remove these impurities but moyery higher , 

treatment rvitli lithium aluminum Mr ■ ^ „ cm , m distillation 

boiling ethers after treatment " 1 * 1 ' ethtr cleavage reaction 

should he used to avoid “ m “ h ” P %, 0 purification of commercial 
which occurs on prolonged hra"”S- , Z, treatments rrith sodium 
tetrahj-drofuran mty rCRUi'C P . sub j M ,ed t0 further 

to arrive at a product that will not 

treatment. workers have used the hydride in 

Hydride Solution vs. Slurry. »«* hocoming increasingly common 
the form of a clarified solution, but 1 UJ)on stirring the solid 

practice to use directly the slurp j “ ” blBome filtration, the transfers 
hydride with ether. This avoids the OTthou t doubt the most eco- 

of material, and the sludge disposa- ftrc tQ j, e carried out only 

nomical procedure when hydride donc r0U tiDcly it is advan- 

occasionally. If such reductions hvdride content. In those 

tageous to have a stock solution o reagents, it is essential to 

rare instances requiring inverse a 1 ... fl mv f re ely through the stopcock 
have, if not a clear solution, one that w 

of a dropping funnel. Ppactants. In the normal pro- 

Alternative Methods of Intr ° dUC , -f f ddc d to a solution or slurry of 
cedure the substance to be reduce , js a liquid or solid, soluble 

the hydride. If the substance to oe that the reaction, usually 

in ether, an ether solution is ajhl “ tcd For solids of limited 
vigorously exothermic, may be ]ace t he material in the thimble 
solubility in ether, it is convenient to P ^ flask and the reflux con- 
of an extractor inserted between the ^ the substance .s 

denser; then, with the a PP 1,c ^’° ^ Acids of moderate ether solu- 
eventually carried into the reaction SoKhlet extractor, produce an 
bility, when handled in this way « ' ^ ^ extr actor reservoir dis- 
undesirably large surge of E as nds a continuous-return type o 

charges its contents; for such comp 

extractor is preferable. , M j; d re actants by means o a mec an 

Some workers have introdhW*^ s ”^ ve introduced tho oohd manually. 


introduced the sol.d manually, 

idly operated hopper; “ »*“” in » rride-bore reiluv condenser 
in small portions, through the open« ^ Hy4nde . It „ usually. 

Alternative Methods of Deco P° redu ctions am best accomplished 
but STrinbly, true in th, redue, on, an d 

by having the hydride m e«e» o ^ 4Jo]d) is „s*d. The de.trnet.on 
occasionally quite a large ^ ^ 

" Ehrlich. J. Am. chfm S f ' 



of tiii~ excess pix-'-r-nf -• no problem on a small scale and may l>c sccom- 
pli-hed by the cautious addition of vet ether, on ethanol-ether rnixlurc-. 
or (with extra caution) water. Wien water b used. it is desirable t0 
employ a large fia4; on account of the frothing that takes place. If >l- ? 
amount of hydride to be de-t roved is considerable , the hazard may b' 
greatly reduced by the employment of a reactant which docs not gene-rub: 
hydrogen gas. Ethyl acetate b suitable for this purpose, as its rt-ductiw 
Product, ethanol, doe-5 not interfere in the subsequent isolation; it 
used routinely by some workers. 


Alternative Methods of Isolating Products. Isolat ion present s a van:-?’ 
of problems differing according to the solubility and the stability of the 
product. If the product is ether-soluble and stable to add, the reaction 
mixture, after destruction of excels hvdride, mnv be poured into a 
mixture of ice and dilute acid; the procedure thenceforth is the same as 
in a Grignard synthesis. If the prevlnct is an etlier-solublo amine, the 
isolation will usually be accomplished more directly by treatment of 
the mixture, after hydrolysis of excess hvdride. with strong sodium 
hydroxide solution, which will dissolve the precipitated alumina and 
al ow a clean-cut separation of phases. If the basic compound will not 
to -rate contact v, ith concentrated alkali, the precipitated alumina mn„> 
be dissolved by sodium potassium tartrate. 

It is not always essential, however, to dissolve the alumina to permit a 
satisfactory isolation by means of extraction procedures. If the amount 
ot water added to the reaction mixture is limited to a small excess over 
ba L required for hydrolysis of both excess hydride and the product 
comp ex a granular mass, consisting essentially of lithium aluminate, is 
ODtainect. The ether solution can then be separated without difficulty 
, a *- ,oa or decantation, and the solid mass can be triturated with 

rwnr /1 Quantities of solvent to effect substantially complete product 
recovery in lavorable cases 


liTiripro-r . ’ a PP'' c able to the isolation of substances that vril 
mixture "ir - 0 °}* en ~® aunia nn reaction, consists of treatment of tb 
b-rirnt-i *40 ’’-'f 1 s 1 ^ om hydrolysis with an excess of an acid chloride, e.g- 
Thi- er S -’ th , ereby conve rting the product to an acyl derivative 

Drodnotc ' T ! '- ar .' anta o eous in furnishing more readily crystallizab! 
firm nr ' ^ ■ -l- mg the product in a form less sensitive to decomposi 

ether m 1111115 ® tbe P r °duct in a form more readily extractable b; 

alcSok ° f Wat ° r ' 50lubIe Products (glycols, polyamines, ami® 

auatelv bv tt, Pre tf ntS probIems tbat cannot invariably be solved ade 
B ’ ’ 7, e . ab °ve-mentioned procedure employing the Schotten 

resolve, 
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bv the application of devices providing automatic continuous extraction. 
Ion-exchange resins should provide an elegant method for the solution 
of some of the-o problems; however, no procedures employing resins in 
this connection have been reported. 

Fire Hazard. The hazard involved in the u-=c of lithium aluminum 
hydride is probably less than with most other metal hydrides and, except 
for the fact that hydrogen gas is evolved during some reactions, is not 
significantly greater than with Grtgnard reagents. It may not be amiss, 
however, to direct attention to the potential fire hazard in large-scale 
operations. Adequate prowon should be made to discharge hydrogen 
ga-s from the reactor to the atmosphere without risk from nearby flames, 
hot plates, hru-h-type motors, etc. Carbon dioxide-filled fire extinguish- 
ers are not ideal because of the rapid exothermic reaction between the 
hydride and carl>on dioxide, but perhaps they arc less objectionable 
than other available types. . , 

There is evidence for the formation of an intermediate product in the 
carbon dioxide reaction that is explosive when dry-" 


EXPERIMENTAL PROCEDURES 

2,2,2-Trichloroethanol (Reduction o! Chloral Hydrate). 1 ' The appa- 
Rtttie consists essentially of a 2-1. thrae-neeked flask pravtded I "nth a 
mercury-sealed mechanical stirrer, a dropping funnel and • * 
condenser. Normal precautions an- taken to ensure that the rappara US 

r,SS 

hydride in ether is -^7 '^ TS 

(0.2 mole) of a^Trate that the capacity of the reflux 

from the dropping funnel at such ^ , hirtJ . t0 „ i5ly 

condenser IS not cxeoenlcd. T1 W ^ rf| e„„ti„„e 

minutes, and spontaneous b 0 „ owc< l to stand with Con- 
or a short time thereafter Tl^ addit „„ h „ been completed. 

tmued stirring for two how» el an ife bath sur _ 

Water is then placed -^.^^"liousl'y. one drop at a time, 
rounding the reaction vessel, it » , ydro „ en ga3 evolution. This is 
until there is no further eviden J wbich w ju ca use the precipi- 
follow ed by 250 ml. of 107 »“^ on tents( i the flask are then transferred 
tated alumina to dissolve. The c , : extracted twice with 

to a separatory funnel, and the ^ 

« Barbaras. Barbaras. Fin bolt. and SebWnge . 
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200-ml. portions of ether. The combined ether solutions are dried over 
potassium carbonate and distilled, first, at atmospheric pressure to re- 
move most of the ether, and then under reduced pressure using a 24-in. 
helical-wire packed column. The product, 2,2,2-trichJoroethanol, is 
collected at 61°/20 mm. ; the yield is 26 g. (50%). With p-nitrobenzoyl 
chloride, it reacts to form a p-nitrobenzoate, m.p. 71°. 

Trichloroethanol has also been prepared in 65%, 64%, and 31% 
yields by the reduction of ethyl trichloroacetate, trichloroaeetyl chloride, 
and trichloroacetic acid, respectively/ 1 

Cinnamyl Alcohol (Reduction of Cinnamal d ehy d e) / This procedure 
illustrates the conditions under which reduction of a double bond may 
be avoided: inverse order of addition, low temperature, and minimum 
quantity of hydride. The normal procedure results in the formation of 
hydrocinnamyl alcohol. 

A solution of 31 g. (0.23 mole) of cinnamaldehyde in 80 ml. of dry' 
ether is placed in a 300-ml. three-necked flask to which are fitted a 
stirrer, a dropping funnel, and a thermometer reaching into the liquid. 
A side arm below the tip of the dropping funnel is open to the atmosphere 
through a drying tube. The solution is cooled to — 10° by means of an 
ice-salt bath, and there is added from the dropping funnel 40 ml. of a 
solution of lithium aluminum hydride in diethyl ether containing 0.065 
mole of hydride, which is 10% in excess of the theoretical requirement. 
During the addition, which lasts about thirty minutes, the temperature 
is not allowed to rise above 10°. An additional ten minutes is allowed 
for completion of the reaction, and water is then added, cautiously at 
first, to decompose excess hydride. This is followed by 80 ml. of 10% 
sulfuric acid, and the product is taken up in ether in the usual way. 
Upon evaporation of the ether the residue solidifies to a mo— 0 f crystals, 
and after vacuum distillation, there is obtained 28 g. (90%) of cinnamyl 
alcohol, m.p. 33-34°. 

Vitamin A Alcohol (Reduction of the Ethyl Ester of Vitamin A Arid)/ 3 
A 3-1. three-necked flask is equipped with a stirrer, a dropping funnel, 
and a thermometer. In the flask is placed a solution of 15.9 g. (0.42 
mole) of lithium aluminum hydride in 1280 ml. of diethyl ether. The 
solution is cooled to —65°, and a solution of llo g. (0.5 mole) of the 
ethyl ester of -vitamin A add in 400 mL of ether is added dropwise at a 
rate such that the temperature does not exceed — 60°. Upon completion 
of the addition, the solution is held at —30° for one hour. Decomposi- 
tion of excess hydride is effected by the rapid addition of 12.4 g. (0.141 

c Crab, Short, and Woodlrra, J. Am. 71, 1710 (1949) 

« Schwarzkopf. Cah nm a n n, 1 Swidin aky. and Wcert, Htk. Chim. Ada, 22, 443 
naicr, 
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mole) of ethyl oeetate, which causes the solution to become viscous 
Hydrolysis is then brought about by the addition of SS ml. of sat “™ te “ 
ammonium chloride solution, and the mixture is allowed to reach 20 . 
The fine precipitate that has formed is separated by filtration and wished 
with ether. After evaporation of the ether at 50", the remaining volatile 
impurities are removed by the application of high vacuum leaving a 
residue of orange-colored viscous oil. The crude product, obtained m 
quantitative yield, may be purified by convention to the acetate^ 

The same authors report the leduction of the methyl enter ,“ d <* «“ 
acid to vitamin A. The synthesis of Hun A, one of the obvious 
industrial applications of lithium aluminum hydride from the outset ha, 
been accomplished by other investigate* »ko “ “ See ata ^erence 
o-Aminobenzyl Alcohol (Reduction of Anthmnihc Acid).” In th s 
procedure, a compound of low solubility in ether is p seed In . the th i mble 
of an extractor and is carried into the reaction v essel by Z "TioSlel 
A 3-1. three-necked flask is arranged with a sealed stirmr and a So^Ut 
extractor surmounted by an efficient reflux conta 
neck is stoppered. A wide-bore drying tu 0 is a 

opening of the reflux condenser. A solution of 9.1 E . (0 24 mole)^^ 
lithium aluminum hydride in 600 ml. of ether is p -tractor thimble 
13.7 g. (0.1 mole) - — - 

By means of a heating mantle, thehjdr ^is- 

modemte rate of boiling until all the acid in 1h. <“> ' b “ ™ d 
solved. The flask is then cooled; theSoxhiet «b> “ e 
the condenser, without the *«*** £ the opeabg previously 
flask; finally, a dropping funnel is P tinusly >t first, to decom- 

stoppered. Sufficient water is then , ^ of , 0 % so dium hy- 

pose excess hydride. This is to oa by ^ combined ^th two 

droxide solution. The ether lajer P sodium 

further ether washings of 200 ml. each and 

sulfate, then over Drierite. Evaporation « for fivc 

residue that is further dried over calcium 3 $2°; the 

hours. The product without further purification melts 

yield is 97%. deduction of 3,5-Dimethoxybenzoic 

3,6-Dimethoxybenzyl Alcohol <R • compound is added to the 

Acid).” In this example an ether-i ^ P uthorg state that the 

hydride solution as a suspension in f > - reaction, 

use of a Soxhlet extractor offers no adt irnffig^ ^ m 

** Cawley, Robeson, Weisler, Sbaoti. m7 26 c. 

meeting American Chemical Society. September, m .P* ^ ^ (1950> . 

* SVendler. Rosenbluro. and Tishler, - »• ## ^ (1917). 

" Milas and Harrington, J- Am Carm- 7 j_ |621 UM9)- 

w Adams, Harfenist. and Loewe, J. Am. C 
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A suspension of 91 g. of 3,5-dimethoxybenzoic acid in 1.5 1. of ether 
is added, as rapidly as the vigorous boiling of the solution will allow, 
to a solution of 24 g. of lithium aluminum hydride (94% purity) in 
1.5 1. of anhydrous ether in a flask equipped with an efflcient Hershberg 
stirrer, 670 an addition funnel with a wide-bore stopcock, and a condenser. 
The solution is refluxed for fifty minutes after the addition. The 
flask is then cooled by the external application of ice while 150 ml. of 
water is added, the first few milliliters being added with extreme caution. 
An iced solution of 100 ml. of concentrated sulfuric acid in 2 1. of water 
is then added slowly. The ethereal layer is separated, washed with 
dilute acid, aqueous sodium bicarbonate, and water, and is then dried 
over magnesium sulfate. Distillation of the tan-colored oil obtained 
by removal of the ether, all the material that distils up to 170°/0.6 mm. 
being collected, furnishes 76 g. of product, m.p. 46°. The yield, corrected 
for 2.5 g. of acid recovered from the bicarbonate extract, is 93%. 

N-Phenylpyrrolidine (Reduction of N-Phenylsuccinimide). rj A 1-1- 
three-necked flask is equipped with a sealed stirrer, a Soxhlet extractor 
connected to a reflux condenser, and a dropping funnel. Four hundred 
milliliters of a solution containing 2.0 g. of lithium aluminum hydride, 
prepared by diluting a stock solution with dry ether, is placed in the 
flask, and 4.0 g. of N-phenylsuccinimide is placed in the extractor thimble. 
The flask is warmed until all the compound has been carried into the 
reaction flask by the refluxing ether (thirty hours). Upon each discharge 
of the extractor, a precipitate appears which slowly redissolves. At the 
end of the reduction period alcohol is slowly added from the dropping 
funnel and then sufficient 10% sodium hydroxide solution to dissolve the 
precipitated alumina. The apparatus is then arranged to permit steam 
distillation of the contents of the flask. The aqueous layer of the dis- 
tillate is saturated with sodium chloride and further extracted with 
ether. After the ether solution has been dried over potassium hydroxide 
pellets, the ether is evaporated, leaving an oily residue which is trans- 
ferred to a Hickman alembic * and distilled at a pressure below 2 mm. 
There is obtained 2.9 g. (69%) of product, a colorless liquid when freshly 
distilled. It readily forms a methiodide, m.p. 149°. 

*The afembic ws5 essentially of the form described bv Hickman, J . Phys. 34, 

043 (1930), Fig. 7. 

Cl Hershberg, IrA. Eng. And. Ed., 8, 313 (1935); see also Org. S'jrdtezzz, 17, 

31 (1937j. 
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TABULAR SURVEY OF REDUCTIONS WITH 
LITHIUM ALUMINUM HYDRIDE 

In the following survey the compounds that have been reported to 
be reduced by lithium aluminum hydride are arranged in tables accord- 
ing to the type of functional group that is reduced and within each table 
in order of empirical formulas. Tables II to V list compounds with 
functional groups conlaining oxygen, in the order aldehydes and ketones, 
epoxides, esters, carboxylic acids, and anhydrides. Compounds con- 
taining more than one reducible functional gronp are listed somewhat 
arbitrarily according to the group deemed to be of principal interest 
Thus the reductive elimination of ncctoxy groups m the reactions o 
epoxysterol acetates with lithium aluminum hydride is incidental to 
the reduction of the epoxide groups, and such compounds are therefore 
listed in the table of epoxide reductions. , .._ 

Tables VI and VII list reductions in which the functional group 
reduced contains nitrogen; Tables VIII nnd IX deal with reduct'ons o 
halogen compounds nnd of sulfur compounds, respe lively m'ih cl. 
those elements, or functional groups containing these elements, underg 

re< The'survey covers the literature available to the author up to January, 
1950. 
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Amides and Nitriles 


3-CV^nomrt h jl 

N-I thvljTopionnmida 

<*■ F tb y Icfotofiwru do 

CyclohomaoM 

N.S-l>HhyiimaraiJ« 

p-ChlorolireioniVila 

BotiaoiutnW 


it* But) lnm'n* 

J-l£.Aminoctb>l)pyio*oln 

EthylpropjUmiM 

«-ru» IKlt ytannno (*) 

Huararthybmnmina 

Tnttb> Inmine 

pChbrobrai} lamina 


•Toiuiutnlp 

Maoddotutnlo 

Aectaruhda 

Phonylaortamid* 

FfcanoTyaiYtarmda 

CWpryloajIrda 

1-Mrthjloxiodolo 

N-MrtJiylawtaniJiJa 

K-Fhony loucyinmude 

U-Dimothylonodoln 

N-Dirthybirotmamida 

N-Dirthylboniamido 

SrUcwutnJo 


l-MathyU-othoiyoiuidola 
N-Aerlyldcoahydroianquinol 
1-Bona) l- 2 -cymi»(nrth>Ilinul 

N.N-DimclliyU.4,Mnn»«h 
oxyboiuamida 
tnuryl eyamda 


0- XyljlomiBO 
N-FtbylamUna 

S-rbro*th!Umin« 

0.nwioI}rtb)Uimoo 

a-Ort' lamina 

1- Mathyhndola 

l-MathylHidoboe 

N-\lethyLN>'hyl*nd‘ M 

N'.n,.n)lp'TToUdlM 
lJ-Dimfth'bndole 
!3~Dunrth) Undobna 

0-Pynd> bnathl tdifthy lamioa 

B<nj>l alcohol 
1,10-DuminodfMOe 

^^^M^nunooiHhjlpy™ 101 " 

N-Fhcnyli'tpondiDc 

> t-Mrth>l^rthoDnudo« 

> 1-MrthYl-KUiooindobn. 

N-EthyldrahydrnMCioi"^” 
imidaaob .. 

), N.N-ttmrthyW 4>tnB>fth- 

oaybon.) lamina 
Tndccytnnuna 


CllHnNO, N-ronnyLN-0-tortho*ybreiyl>- c i ,H »* V0 ‘ K ^ 1 Vtbo^l.5-“' rtly kn ' d '" 

,, J-mMhoiy-t b-mathjkufdi- 0OT benrthi 70 

oiypbtnMh: lamina w_v. Compound X, P- *• 

CjoEjoXjO l-Mt1h>W-f3-N-<U-dih»dro«>- CwHjo 1 

>iuinolylrtbyl)]o«iodob OUl. » 

C.«,.v, 0 , i&gUw.ua. crftoK. ' 

h) drouwqui noli IcthyOF tl 

c„a„v„, si'S“ l,s - * " c„a 


_ trim C« to C 10 m ymldi «f 

ar«nss— - leBWm,ort 
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TABLE VH 

Miscellaneous Nitrogen Compounds 


Compound Reduced 

Product 

: 

Yield 

% 

Refer- 
ence * 

C.II.S'O. 

2 -Xitrobatane 

C<H„N 

2-Aminobutane 

80 

27 

CcH+BrXOj 

p-Bromonitrobenxene 

Cj 2 H&Br 2 K 2 

4,4-Dibromoaxobenzene 

85 

27 

CfHsKOj 

Xitrobemene 

C 15 H 10 N 2 

Azobenzene 

84 

27 

CjHjNOj 

«u->»itroetyrene 

C»H„X 

p-Phecethylamine 

eo 

27 

CsHio^sO 

p-XItrosodiraethy hnilin e 

CicH 2 oX 4 

4,4-BisdimethyIaminoaxoben- 

80 

13 

CgHnNOj 

Xitromesitylene 

CxgHj^Nj 

Axomesitylene 

71 

27 

C 10 H 3 NO 5 

t^-Xitro-3-methoxy- 

CioHuXO, 

3-M e thoxy-i ,5-methy lenedi- 

49 

50 


4,5-rneihylenedicrxy- 


oxypbenetbykmine 




styrene 





CioHicJN 

IsoquboQne methiodide 

CioHnX 

2-MethyM ,2-<iihydroi50- 

70 

55 




quinoline 




Quinoline methiodide 


1 -biethyl-l^-dibydroquinoline 

37 

55 

CiaHgNjOi 

2^-Dinitrobiphenyi 

C 12 H*N 2 

Axobrpheny! 

90 

13 

CiiHio^jO 

Axaxy benzene 

C 12 H 10 X 2 

Axobenxene 

99 

27 

C,iH»N 

Rhenantkridine 

CiaHjjX 

5,G-Dibydropbetianthridmfi 

74 

54 

CijH lt N 

Benzalaniline 

CuHuX 

N-Benzykniline 

93 

27 

CijHnNO 

Benzophenone oxime 

CuHuN 

Benxhydrykmine 

eo 

8 

CiiHidK 

Isoquinoline bn t Iodide 

CjjHuX 

2-n-B utyl-1 ,2-dihy droiso 

76 

55 




quinoline 




QnrnoHne bntiodide 


I-n-ButyM^dmydroqumoGne 

42 

55 

CieHiON 

l-PfcenylisoquinoIme 

CicHisX 

l-Fhenyb 2 -methyM , 2 -dihy dr 0 * 

66 

55 


meihiodids 


isoquinohne 




S-PheajdqanoHne 


l-Metbyl-2-pbenyM,2-di- 

^EK 

55 


tnethiodide 


hydroquiooline 



C;oHisNO*HS04 

Berberin sulfate 

C 20 H 19 XO 4 

Dibydroonhydroberberine 


55 

CtiHr;K 202 {CHa)jS 0 < 

Stxydunne nethoealfate 

C 2 ZH 24 X 2 O 

Strychnidine 


4 

CjiHidNOi 

Rapamin msthiodide 

CjiHijXOj 

K-M etbyH , 2 -diby dropapa- 


55 




verine 




• References 68-114 are on pp. 5GS-503. 





REDUCTIONS BY LITHIUM ALUMINUM HYDRIDE 


607 



508 


ORGANIC REACTIONS 


TABLE IN 


Sulfur Coiipounls 








Compound Reduced 

■ 


caiicio.-s 

1 *B -4 iasesnlf on yl chloride 

CiHjtS 

i 

n-Bntyl mer enptan t 

45 

113 


Benxen e^ulf any! chloride j 

C«HcS 


W 

13 

CtHiCIO^ 

Cj-Hi'Sj 

Dip beryl diralnde t 

32 


CsHtCio-s 

p-Tobentenlfonyl chloride 

CrHiS 

p-Thioerrso! 

50 

113 

CiHijS- 

Di-jj-bstyl diri!£d? 

C,H,;£ 

e-Bstyl ec rtaptxz , 

55 

114 



CiHitS 


« j 

114 


r.-Bntyl t-bntyl dlrihde 

t f-Butyl ceroptaa 



Dv-t-bztj I dirdrd? 


No reaction i 


214 

Cjc-HrsSi 

EH-tsoinvI din!5d* 

CtHirS 

Isoarayi mercaptan 1 

— 1 

114 


Diphenyl sulfoxide 

CijHrS 

Dipienyl rclrdr 1 

— i 

13 

Ci*HkOjS 

Diphenyl snifone 


No reaction 


13 

CijHicSs 

DipSssjl dirddd? 

CtH.£ 

Thioprbeno! 

55 1 

114 

Ci;H r^F *05 

Ethyl difn^thiodecanoat* § 

Ci^Hrpr’iO 

Difnorodecaaol 

75 

52 


Phenyl p-ioben^nlfarntc I 


/ Pimo! 

1 p.p'-D.to’yl di^tdfenids 

SrzaU 

112 

CiiHirOjS 


s=s 


Ci+Hj^S 

Dibemyl dsnlid? 

C;BsS 

Brmy'l cermptaa 


114 

CifHrtS; 

D:--: -octyl disnlzd* 

CjHisS 

r:-Orty! E-rcaptaa 

£5 

114 

CirHi^OxS 

(— VMenthyl tohtes cent? 


p-Mertiaa* 

— 

112 

CijHjsOiS 

6-;>Tolnene?nI:>dia££tcne- 

CjjEs^Os 

Dbo?ton«-ivft:r£»» 

61 

112 


o-Eziicto« <1J>> 

3-p-Toher ?^:Vdinreicre- f 

Ci;H--0i 

Efecetoc^-o-cl-tccs; 


112 


o-sbros* < 1,4 > < 

Cx*Ht«5* 

Ditolyl t£»n!£d* 

_ 



5 | 

C,iH r 0r 

^-Discetcnc-o-fmrtosr 

— 

112 


h&ariase < 2,5 > ^ 

CtHcO;S 

Ci«HuSt 

D>p-to!jl dirifde 

— 


CrtHs* 

Di+dodseyl diri f. d e 

C,iB;t3 

f-DodKyl Efreaptan *r 

— 

114 

Ci<H£.;Sj 

DS-J-dodsryl trisrzlhde 

Ci-H^jS 

I-Dcdery! nrrrar'nn *• 

— 

111 

Cn HstOjS 

Chobrieryl p-to benesrlfcrale 

CrfL, 

/ CLolsstese 
t f-Cboisstens 

- 

112 


* Ecfsrsnees £3-114 arc an ppx S03~&y?. 
f The prodzrt ns £»bted zs vzzczsy n-bztjl rz-ercaptid?. 

ZTzz pro-bart preas-aa b?7 resiled fron aizsofpceric cxzdi&n cf tie aSaBae sobtion rs-ihir^ afte fcydrofrsis 
of tie reaction sdxfcre. 

| Tie startb? cstertd •»%» a zdricre of tie etryfiHo! and tie r.-lEtyfiif ol esters cf 5,5- and S.C-dHhcrodecaroic add. 
f Tie cxrpmd vu reordered h^rthj after tro cits' ktiz. 

T Pryizri ret isolated, Tie yid d -rzs €7z} based on tie lydrxeen e-rohsd 
*■* Product not tal ited. Tie ys^d •sras 1CC^ ts3ed cn tie by-drozsi embred. 
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Acetoacetic ester condensation. I 
Acetylenes, Vol. 1’ 

Acyloins, Vol. IV 

Adamkiewicz test, 155 _ . 

Aldehydes, preparation by lithium* u 
minum hydrido reiluction, 480 
preparation by Oppcnaucr oxidation, 
222-223 

Alkenylsuccinlc acids, 48 
Alkylation of aromatic compounds i J 
Fricdel-Crafts reaction, !<*■ 
Alkylideneparaconic acids, 48 
Alkylidenesuccimc acids, 48 
Amination of heterocyclic bases by 
amides, Vol. / 

Aminoacetal, 199 
o-Aminobenzyl alcohol, 491 

2-Amino-4*methylthiazole, 830 
2-Amino-4-phcnylthiaxole, 380 

2-Aminothiarole, 379 

5-Amino-2-thiocarbonylthiazole, 30 

Ammonium dithiocarbamate, we' 
thesis of thiaioles, 374-3VO 
Anhydroacetophenonc disulfi 
Antipyrine, phosphonation of, 3 
Arbuzov transformation, 270 
Arndt-Eistct ™clion, ,, y 

Arsinic and arsomc acid., > mlin< | 
Bart, Bechamp, ami 
reactions, Vol. H 
Azlactones, Vol. Ill 

Benzalaminoaretal, 192 
Benzenephosphonie acid, * 

Benzoins, Vol. /V 

BenzoquinoHzim'S, 7t ^ |,y oxtd*' 
Benzoquinones, prepara 
tion, Vol. 

l-Bcnzyl-l-carbo'J • 

2 -oarl'oli n< \ 4” .. j.duws 103 


to experimental 

174 

sS%S“- 

SSESSS-i** 

sr.'V^'”" 483 ' 85 

105-150 

acid, 324-32 - nv n D hoephonic 


g-Bromoisoquinolme^O ^ 366 
JSS ssw-— 

Buctare. (1 

S2SSSV'" 

B-Butylhthium, 353 

“ 79 M KB, 150-> 53 ’ ” 3 ' 

2-C*rboline«, 79. 

I.u"‘l<=-1«; ls if 188 

tryptophan test, thy i.j,2,3,4-teV 

<«^SK33SSS»- 
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Chloromethylation of aromatic com- 
pounds, Yol. I 

a-Chloro-a-phenyletixanephosphonic 

acid, 313 
Cholestenone, 231 
Chrysean, 369 
Cinnamyl alcohol, 490 
Claisen rearrangement, Vol. II 
Clemmensen reduction, Vol. I 
Curtins reaction, Vol. Ill 
Cyanoethylation, Yol. V 
Cyclic ketones, preparation by intramo- 
lecular acylation, Vol. II 
a-Cyclocitral, 236 

Darzens glvcidic ester condensation, 

Vol V 

cts-a-Decalone, 235 
Desosvcorticosterone acetate, 235 
Dialkylanilines, conversion to phosphinic 
and phosphonic acids, 323-325 
Dialkylidenesuccinic adds, 4S 
2,3-Diaminobutane-l,4-disulfuric acid 
ester, 445 

Dibenzophosphazinic acid, 325 
Dibenzylphosphinic add, 306 
Dibutyl alkanephosphonates, 289 
Di-t-butyl succinate, use in Stobbe con- 
densation, 39 

Di-3-chloroetbyl ^-cbloroethj'lpbospho- 
nate, 287 

Dicbloropbosphines, conversion to phos- 
phinic and phosphonic acids, 297- ! 
293 

preparation, 297-303, 316-319 
Dieckmann condensation, use in synthesis 
o? tetrahydrothiophenes, 449—163 
Diet— Aider reaction, with cvclenones, j 
Vol. Y 

with ethylc-nic and acetylenic dieno- 
philes, Vol. IV 

with maleic anhydride, IV. IV 
Diene synthesis, too Diet— Alder reaction 
Diethyl benzenephosphonate, 302-303 
Diethyl benzoylpho«phons{e, 286 
Diethyl cyclohexane- 1 ,4-dione-2,5-dic3r- 
boxylate, 33 

Diethyl ctlianepho'phonste, 286 
Diethyl S-hydroxyethanepho^phonaU*, 

290 

Diethyl succinate, self-condensation, 35 


Diethyl thiodiglycolate, use in Stobbe 
condensation, 20 

1.4- Dihalides, use in preparation of tet- 

rahydrothiophenes, 443-445 

3.4- Dihydroisoqtiinolines, preparation by 

Bischler-Xaperialski reaction, 74- 
150 

disproportionation, 90 
oxidation by atmospheric oxygen, 83 
Di(o-hydroxyisopropyl)phosphinic add, 
306 

3.4- Dihydroxytetrahydrothiophene, 447 

1.2- Diketones, use in preparation of thio- 

phenes, 435-436 

1.4- Diketones, use in preparation of thio- 

phenes, 418-419 

Dilactones from Stobbe condensation, 21, 
26 

p-Dilithiumaminophenyllithium, 347 

3.5- Dimethoxybenzyl alcohol, 491 
l-(2,3-Dimethosybenzyl)-6,7-Hlimethoxy- 

3,4-dihydroisoquinoline, 100 
3,ll-Dimethoxy-5,6-dihydro-SH-di- 
benzo[a, 9 ]quinolizme, 102 
Dimethyl 3,4-dihydroxy-2,5-thiophene- 
dicarboxylate, 438 

1.3- Djmethyl-6,7-dimethozYisoquinolinc, 

101 ’ 

Dimethyl ruednate, 45 

2.4- Dimethylthiazole, 379 

2.3- Dimethyhhiophene, 422 

3.4- Dimethylthiophene, 421 
Diphenylchlorophosphine, 321 

.a!_24 24-Diphtnykholadiene-3, 1 1 — di— 
one, 235 

Diphenyl-2,4-dimethoxy-5-bromophen- 
ylcarbinol, 356 

cr,cr-Dipbenyl-o-hydroxyinethanephos- 
pbonic add, 314 
Diphenylphosphinie add, 295 

3.4- Diphenyl-2,5-thiophenedi carboxylic 

add, 438 

Di-n-propy!chlorophosphine, 321 

3.4- Di-n-propjltetrahydrothiopbene, 449 

Eibs reaction, IV. / 

Equilenoncs. preparation by Stoblye con- 
densation, 2.5, 36 

Eschwdler reaction with homopiperonv- 
l2ttniD r ' 102 

Sro cL'o Leuckart reaction, Vol. V 
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Ethanephosphinic acid, 297 

Ethyl diphenylphosphinate, 302-303 

Ethyl 3-keto-2-(4'-mcthoxybutyl)tetra- 

liydro thiophene— l-carbox) late, 

459 

9-Ethylphcnanthridine, 102 

Fluorine compounds, aliphatic, \ d II 
aromatic, Vol. V 

Fricdel-Crafts reaction with aliphatic di- 
basic acid anhydrides, Vd. V 
Fries reaction, Vd. I 
Fulgenic acids, 7, 17-18 
Fulgides, 7, 18 

Fused-ring ketones, preparation by 
Dicls-Alder reaction, Vd. V 

Gattermann-Koch reaction, Vd. 1 
Glycidic esters, preparation by Darrens 
reaction, Vd. V 
Clyoxal scmiacetal, 193 


Halogen-metal interconversions vrith 
organolithium compounds, 339- 

360 

experimental conditions, 351-352 
experimental procedures, 352-356 
mechanism, 341-312 
scope, 342-348 
side reactions, 348-351 
tables, 350-306 
Harman, 155 
Jloesch synthesis, Vd V 
Hofmann reaction, Vd IU 

1 - Homo veratry 1-6, 7-dimethoxy-3,4-a l “y- 

droisoquinolino, 100 

llophins-Cole test, 155 

llydrohydrastimne, 102 

7-1 1yd roxy-8-chloroisoqui noline, 200 

ot-Hyd roxy et hancphosphonic acid, » 

Hydroxymcthanephosphomc acid, J 

2- lIydroxy-i-methyltliiaiolc, 382 

5-Hydroxy-2-methy 1 th lophcne, *** 

o-I I y droxy-a-phony le t hanephosphom c 

acid, 314 , . , 

a-Hydroxy-er-tolucnephosphomc aci , 

313, 314 

Indones, preparation by Stobbe cond 
sation, 23, 29-30 
\Monone, 223, 237 


Irene, preparation by Oppenaurer o\ida- 
1 tion, 223 
Isoparaconic acids, 48 

Isopropyl isopropylphenylphosphinate, 
288 

2-Isopropylthioplienc, 422 
Isoqumoline, 201 

Isoquinolincs, preparation by Pictet- 
Gams reaction, 76, 125 

preparation by Pomeranz-FriUsch re- 
action, 191-206 
1-substituted, 190-197 

See also Dischler-Napicralski reaction; 
Pictet-Spcngler reaction 


Jacobsen reaction, Vd. I 

Ketenes and ketene dimers, preparation, 

Vd HI 

y-Keto acids, use in preparation of thio- 
phenes, 414 — *17 

3-KetobutyrnUehydc 2-methylpentanc- 

2,4-diol acetal, 237 

o-Keto esters, use in preparation of thio- 
phenes, 430-437 

.-Lactone, Iron, Slobbo oond.na.tion, 
22, 20-27 

Uct.ni. loo» s “ bb ' 
tion, 21, 25-26 

Leuckart reaction, Vol V 

Lithium aluminum hydride, conditions 

for use, 486-489 
fire hazard, 489 
formation, 483 

- 

.“*iS,ot,on «ilh lithium -hud- 

num hydride 

— * 

l-phosphonic acid, 316 
Une, 172 
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Methvl dZ-4-ben2aimd(>-3-ketotetjB}iy- Oppenaner ord nation, of polyhydroxyi 
dratMophens-2-csrbosylsie (so- compounds, preferential ari-ia- 

arum salt), 459 tion. 216—219 

l-MelhyM-rarboxy-6,7-dihy<Iro5y- of primary aiooiols, 222-224 

1.2,3,4-ietrahvdroisocrjinaime, of saturated alchols, 210-211 

173 ' * ' of steroids. 210-211, 212-214. 216-219, 

l-kfethyW,4-difaydraiso<raisoane, 100 221 

3 -Metbyl-6,7-dikydroxy-l ,2,3,-?-tetra- of tmsatareted alcohols. 212-216 

hvdroisoquinoiine, 172 scope, 210-22— 

l-Methy!-6,7-dimsihoxy-S-hydroxjds.t>- side reactions, 224-225 

quinoline, 201 solvents. 231-232 

23-Methyienediorcy-10,ll-dimetho3y- tables. 235-272 

5,6.13.13r-tetrahydro~SH-dibenr©- f Organohthium compounds, color test lor, 
[a,<f quinoiizine, 173 jj 313 

2 3-Methvleuedi oxy-l 1,32-dimetboxr- j p-dnithuimarrnnophgnyBithrtnn, 317 

5,6,S.9-tetraby<irodib=nro/:,h] S halogen-metal interconversion, 339-356 

quinoliririarn iodide, 102 j metal-metal interconversion, 319 

■4-Methyl-5-(3-hydrosyetfayI)thiazo!e, j Organ oraercory compounds, use in prep- 
379 ! am tion o: dichlorophosphines. 

Methyl i«-3-ietoetiocholsdignate. 235 | 317-319 

1-Me thyl-7 -m e tho xyisoquin ol'me, 202 < Oxalic esters, use in preparation o: thio- 

Methyl ,s-2-(5-phenyitbisnyl}prop:onate, ! phenes. 137 

422 I Oxazoles from X-ncvtnheuacylamines, So 

l-Methyl-l^,3,4-tetrahydro-2-carix> S Oxutolinss from irvdroxvnhenethvis- 

Hne, 173 | mines, S7 


Naphtha!: c anhydrides from Stubbs con- 
densation, 25, 35 

Naphthols from Stobbe condensation. 
22-23. 2S— 2? 

s . * r ♦yr‘. g-T>V '‘yTTVyrTV **. 235 

l-(o-Nitrobenryi)-6,7-dimethoiy- 
3,4-dihycroisocmnoline. 101 
7-Nirrc-9-phenylphenanthridme. 102 
Norcoralydrne, 165 
No marram S9 
Nerhvdrahydrasiirdne, 136 

Oppenaner crndation. 207-272 
cataivsts. 225-225 

223-22- 

experimenta! procedures. 231-235 
hydrogen. acceptors, 225—231 
isolation of products, 233-231 
mechanism. 29? 


Papaverine, 76 
Paracoric acids. IS 
Periodic acid oxidation. Vo’.. II 
Perkin reaction and related reactions, 
roi. j 

Phsnanthridines. 79, SI. 91, 93, 103 


tables. 131-133 

Phsuybp-bromophenylrhl orophosphine. 
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Phosphinic acids, preparation, by addi- 
tion phosphorus chlorides to 
carbonyl compounds, 308-315 
by miscellaneous methods, 322-327 
by pyrolysis, 316-317 
from Grignard reagents, 293-297 
from organomercury compounds, 
317-319 

from phosphonites, 279, 283, 288 
from phosphonium compounds, 319- 
321 

tables, 327-338 

Pho9phonic acids, preparation, 273-338 
by addition phosphorous acids to 
carbonyl compounds, 301-308 
by Fricdel-Crafts reaction, 297-303 
by miscellaneous methods, 322-327 
by pyrolysis, 316-317 
(3-keto, 309-310, 315 
from alkyl phosphites, 276-291 
experimental conditions, 284-286 
experimental procedures, 286-291 
mechanism, 278-279 
scope and limitations, 279-283 
from Grignard reagents, 293-297 
from organomercury compounds, 
317-319 

from phosphonium compounds, 319- 
321 

from phosphonous acids, 321-322 
from phosphorus pcntachloride and 
Unsaturated compounds, 291-293 
a-hydroxy, 306-307, 313-315 
tables, 327-338 
o,fi-unsatu rated, 291-293 
Phosphonitrilic chloride, 300 
Phosphonium compounds, thermal de- 
composition, 319-321 
o-Phosphono-a-hy droxyp ropioni c acid, 
315 

Phosphonous acids, disproportionation, 
321-322 

Phosphorus pentachloride, addition to 
unsaturated compounds, 291-293 
Phosphorus pcntasulfide, use in prepar 
ration of phosphonic acids, 295- 
297 

Phosphorus Bulfides, 412 
in synthesis of phosphonic acids, 295- 
297 

tn synthesis of thiazolcs, 376-377 


Phospkorus sulfides, to syntkesis of 
thiophenes, 412-419 

Phthalazines, 79 , . c 

Prolet-Gsm. syntheuia of rxoqumoknes, 

Pictet-Spengler 

condensing sgents, log-lFiO.iVd 

dtoection of ring closim 157-10^ 
esc of eyefisntion, _ 

experimental conditions, 168-112 
experimental procedures, 1>«» 
meeitanrsm of cyclitatron, W-W 
side reactions, 162-163 

”Ji“dfimitat.ojrs, 193-199 
tote, 202-206 

sssium, tending, 

assium t-butoxide, 42-41 
-PropyHhiophene, 421 

n toons from 0p>*»» 

220 

inohzines, 102, W* 

S'^SbUr-Napien^"^' 

Pictet-Spcngler reaction 
arrangement, allybc, « ^ 8t 

aaSrtsffS - ' - '' 

jrs*—- 

dn«S "to toto-to bl ' 

dride, 469-509 
aldehydes, 474-476 
amid«. 479-480 

carboxyUc.c.^,478 

double bonds, 
epoxides, 476-477 

ndUion..^ 8 ” 
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Reduction with lithium aluminum hy- 
dride, experimental procedures, 
4S9— 492 
fire hazard, 4S9 
functional groups reduced, 471 
halogen compounds, 4S0-4S1 
heterocyclic nitrogen compounds, 4S3 
interference by active hydrogen, 473- 

474 

ketones, 474—476 
mechanism, 471—473 
of nitriles, 4S0 

stereochemical specificity, 475, 477- 

475 

tables, 493-509 

See also Lithium aluminum hydride 
Reductive alkylation, Yol. IV 

See aho Leuckart reaction, Yol. Y 
Reformats’:;- reaction, T'ol. I 
Replacement of aromatic primary amino 
groups by hydrogen, Vol. II 
Resolution of alcohols, T'of. II 
Retronecanol, 219-220 
Rosenheim test, 155 
Rosenmund reduction. Yd. 1Y 

Schiemann reaction, Yol. Y 
SchiS bases in Pomeranz-Fritsch reac- 
tion, 192-194 

Schlittler-MuIIer reaction, 193, 197-193 
Schmidt reaction. Yd. Ill 
Selenium dioxide oxidation, Y d. Y 
Sodium hydride, handling, 46 
Siearamidomethanephosphonic acid, 2S0 
Stobbe condensation, 1-73 
applications, 21—36 
condensing agents, 36-40 
experimental conditions, 36—41 
experimental procedures. 41—47 
isolation of products, 14-15 
mechanism, 2 

proof of configuration of products, 16- 

17 

proof of structure of products, 15-16 

related condensations, 19—21 

scope and limitations, 5-21 

side reactions, 36-3S, 40-41 

tables, 4S-73 

vrith aldehydes, 5-7 

vrith cyano ketones, 13 

with diketones, 12 


Stobbe condensation, vrith hindered 
ketones, 10 
vrith keto esters, 12 
vrith Iretones, 7-10 

vrith substituted succinic esters, 17-19 
vrith o,S-unsaturated ketones, 11 
o-Styrenephosphonic acid, 314 
£-Styre;ncpha=phonic acid, 292 
Succinic acids, use in preparing thio- 
phenes, 413— 414 
Succinoylation, 40 

Suh'onation of aromatic hydrocarbons and 
their halogen derivatives. Yd.. Ill 

Tetrahydro-3-berberine, 15S-159 
Tetrahydroharman, 154 
I Tetrahydroindanones from Stobbe con- 
densation, 23, 31-32 
• Tetrahydroisoquinolones, 151-190 
df-ffrerw)- Tetrshydrothiophene- 
1,5-diearboxylic acid, 447 
Tetrahydrothiophenes, 443-46S 
by catalytic methiods, 464—465 
by DSeckmatm cyclization, 449—463 
experimental conditions, 45S— 459 
experimental procedures, 459 
by miscellaneous methods, 465— 46S 
from 1,4-difunctional compounds and 
sulfides, 443 — 443 
experimental conditions, 446-447 
experimental procedures, 447, 449 
from cr-merespto esters and unsatu- 
rated compounds, 456-453 
« tables, 443, 460-463, 465, 463 
j Tetralonecarboxylic adds from Stobbe 
condensation, 24, 32-33 
Tetralones from Stobbe condensation, 24, 
34 

2,3,9, 30-Tetramethoxy-7,12, 12a,13-tetra- 
hydro-oH-dibenzo [l^olqumolizine, 

173 

Tetraphenyl ethane-1 ,2-dinhosphonate, 
2S8 

Xetraphsnylthiophene, 419, 431—432 
Thiazoles, 357—409 
2-alkoxy, 372 
2-amino, 372-373 
experimental procedures, 37S-332 
from cr-acylaminocarbonyl compounds 
and phosphorus oentasulfide, 376— 
377, 331 
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Thiazoles, from ammonium dithiocarba- 
mate and a-halo ketones, 374- 
376, 330 

from thioamides and cr-halo carbonyl 
compounds, 369-374, 378 
from a-thiocyanoketones, 377-378, 
3S1-3S2 
2-mereapto, 374 
tables, 370, 3S2-409 
Thmolium salts, 372 
Thioamides, use in preparation of thia- 
zoles, 309-374 
r-Thiobutyrolactone, 467 
Thiocyanogcn, addition and substitution 
reactions, lU HI 
Thiophene, 430 

2,5-Thiophenedicarbo\ylic acid, 355 
Thiophenes, 410-443 
alhoxyl, 416-417 
alkyl, 413-415 
aryl, 414, 416 

by decarboxylation of thiophene- 

2, 5-dicarboxylic acids, 437 
by miscellaneous cyclizations, 441-443 

2,5-disubstituted, 418-419 
from aryl methyl ketones, 439-441 
from 1,4-difunetional compounds and 
sulfides, 412-427 _ 
experimental conditions, 420-421 
experimental procedures, 421-4. _ 
from thiodiacetic acid esters, 43»“* 

from unsnturated compounds, 4 

tables, 421, 424-427, 432-433, 4». 
410, 443 

Thiosuccinic anhydride, 401 


Thiourea, 372 

a-Toluenepbo$phonic acid, SOS 
p-Toluenephosphonic acid, SOI 

p-Tolylphenylchlorophosphine. 318 
Trialkyl phosphites, 280 

conversion to phosphomc acids, 27b- 
291 t . 

Triarylcarbinols, reaction trith phospho- 
rus trichloride, 277, 2S1-2S2 

Triarylmcthanephosphomc acids, 277, 

231-282 

2,2 2-Trichloroethanol, 4S9 
Tn’ethyl fl-phosphonopropionate, 289 

2-(w-Tnfluoromethylphenyl)quinohne, 

364 

2 3 5-Tnmethylthiophene, 422 

2,4,5-Tri P hen>l-3-furancarboxyUc acid, 

Triphenyl-o-hydroxyraethylpbcnyllead, 

Triphenylmethanephospbonic acid, 290 

Tryptophan tests, 155 

Unsaturated acid, from Stobbe coodeD- 
.alien, 22, 26-27 

Vitamin A alcohol, 490 

Willgerodt reaction, IV III 
Wolff-Kishner reduction, 1 <>7. I* 

YVurtz reaction, use in preparation of 

e ,r„t.1. 320 


Yobyronc, 89 

Yohimbone, 220 



